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Preface 


The 1990 Philips Components—Signetics PLD Data Handbook is loaded with informa- 
tion on new parts. Using the fastest technologies in the most innovative architectures, 
today’s system designer can pick from the largest selection of PLDs in the industry. 
Some highlights of this handbook include the fastest silicon PLDs available (PHD16N8 
and PHD48N22)—at 5 nanoseconds! These devices make ideal decoders to squeeze 
maximum performance from powerful microprocessors. 


Designers using DRAM, VRAM and graphics will appreciate the speed and power of 
the new line of sequencers which include the PLC415, PLC42VA12, PLUS405 and 
PLUS105. These sequencers also make innovative bus and LAN controllers for emerg- 
ing standard protocols. At last, the logical power of dual programmable arrays comes 
forth in the PLUS153 and PLUS173 devices—at 10 nanosecond propagation delays. 
The PLC18V8Z is the only zero power 20—pin device which can replace 16V8’s! And 
finally, our—7 and D speed PAL-type devices are the industry’s fastest. For maximum 
density in a truly compact system, the Programmable Macro Logic family now boasts 
four members—the PML2552 and PLHS601 are added to the original PLHS501 and 
PLHS502. The PML2552 is the PLD industry’s first dense device to implement SCAN 
test. 


To complement the devices, AMAZE design software is offered through our Sales 
Offices (see Section 11) and SNAP software is available for high level support. Read 
about them under Product Support. 


Expanding customer service has been an ongoing effort. Our Applications staff is avail- 
able to answer your technical questions on PLD designs and our free computer Bulletin 
Board, with 24-hour service, is at (800)451-6644. 


New PLD users are encouraged to read the Introduction and AN8 for an overview of 
PLD ideas. More seasoned PLD users are encouraged to go through the PLD applica- 
tions and PML applications at the end of the handbook to gain understanding and ideas 
for new designs. 
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Preliminary Specification 


Product Status Definition 
This data sheet contains the design target or goal 
Formative or in Design specifications for product development. Specifications may 
change in any manner without notice. 
This data sheet contains preliminary data and 
supplementary data will be published at a later date. 
Preproduction Product Signetics reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 
This data sheet contains Final Specifications. Signetics 
Producti reserves the right to make changes at any time without notice 
Ful se in order to improve design and supply the best possible 
product. 
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ARCHITECTURE INTERNAL STATE 
SIGNETICS (INPUTS < TERMS REGISTERS OUTPUTS 
PART NUMBER X OUTPUTS) (# Dedicated) C, V0, R, RV/O 


pat ©_TYPE DEVICES 


PLUS16L8-7 
PLUS16R4-7 
PLUS16R6-7 
PLUS16R8-7 
PLUS16L8D 
PLUS16R4D 
PLUS16R6D 
PLUS16R8D 
PLUS20L8-7 
PLUS20R4-7 
PLUS20R6-7 
PLUS20R8-7 
PLUS20L8D 
PLUS20R4D 
PLUS20R6D 
PLUS20R8D 
PLHS16L8A 
PLHS16L8B 
PLHS18P8A 
PLHS18P8B 
PHD16N8-5 
PHD48N22-7** 


PLC18V82Z/18V8ZI 


10H20EV8/10020EV8** 


PLS100/101 
PLS153 
PLS153A 
PLUS153B 
PLUS153D 
PLUS153-10** 
PLS173 
PLUS173B 
PLUS173D 
PLUS173-10** 
PLHS473 
PLHS473S** 
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16 X 64 x 8 
16 X64 X8 
16 X64 X 8 
16 X64X8 
16 X64 X 8 
16 X 64 X 8 
16 X64 X 8 
16 X 64 X 8 
20 X 64x 8 
20 X 64 X 8 
20 X 64 X 8 
20 X 64 X 8 
20X64 8 
20 X 64 X 8 
20 X 64 Xx 8 
20 X 64 X 8 
16 X 64 X 8 
16 X 64 X 8 
18 X72X8 
18X72X8 
16X16X8 
48 X 73 X 22 
18x 74X8 


20 X 90 X 8 


16 X48 X 8 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X 10 
18 X 42 X10 
22 X 42 X 10 
22 X 42 X 10 
22 X 42 X 10 
22 X 42 X 10 
20 X 42 X 11 
20 X 42 X 11 


16 (10) 
16 (8) 
16 (8) 
16 (8) 
16 (10) 
16 (8) 
16 (8) 
16 (8) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
20 (14) 
20 (12) 
20 (12) 
20 (12) 
16 (10) 
16 (10) 
18 (10) 
18 (10) 
16 (10) 
48 (36) 
18 (8) 


20 (12) 


16 (16) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
18 (8) 
22 (12) 
22 (12) 
22 (12) 
22 (12) 
20 (11) 
20 (11) 


ao oO oO o°o9no°oeoeofod0UlUmWOUlmUlUCDDUlUCOD 


20,610 
4V0,4R 
2V0,6R 
8R 
2C,6 1/0 
4V0,4R 
2 VO, 6R 
8R 
2C,6 1/0 
4V0,4R 
2V0,6R 
8R 
2C,6 1/0 
4VO, 4R 
2V0,6R 
8R 
2C,61/0 
2C,6 1/0 
8 I/O 
8 I/O 
20,610 
10 C, 1210 
8 varied 
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SIGNETICS 
PART NUMBER 


PLS105 
PLS105A 
PLS105-40 
PLS105-55** 
PLUS405-37 
PLUS405-45 


ARCHITECTURE 
(INPUTS x TERMS 


xX OUTPUTS) 


22 X 48 X 8 
22 X 48 X 8 
22 X 48 X 8 
22 X 48 X 8 
24X64 X 8 
24 X 64 X 8 


(# Dedicated) | TERMS 


22 (16) 
22 (16) 
22 (16) 
22 (16) 
24 (16) 
24 (16) 


INTERNAL STATE 


OUTPUTS 


C, VO, R, R/O 


8R 
8R 
8R 
8R 
8R 
8R 


PLUS405-55"* 24X64 X8 24 (16) 8R 

PLS155 16X45 x 12 16 (4) 8V0,4R 0 
PLS157 16X45 x 12 16 (4) 6V0,6R10 
PLS159A 16X 45x 12 16 (4) 4V0,8RV0 


PLS167 22 x 48 X6 22 (14) 6R 
PLS167A 22 x 48 X6 22 (14) 6R 
PLS168 22 X 48 X6 22 (12) 8R 
PLS168A 22 48 X6 22 (12) 8R 
PLS179 20 X 45 x 12 20 (8) 4V0,8RV0 


PLC42VA12"* 42x 105 X12 42 (10) 10 CorRVO, 20 
PLC415-16 25 X 68 X 8 25 (17) 8R 


PLHS501 104 X 116 X 24 16C, 8 VO 


PLHS502 128 & 144 X 24 16CorR, 
8 lOorRVO 


PLHS601** 68 X 134 X 24 120, 12 1/0 


PML2552** 185 X 226 X 24 24C, 16 R, 16 I/O 


PAL—Type = Programmable Array Logic (Fixed OR Array)—Type 
PHD = Programmable High-Speed Decoder 

PLA = Programmable Logic Array 

PLS = Programmable Logic Sequencer 

PML = Programmable Macro Logic 


OUTPUTS: 

C = Combinatorial output 
R = Registered output 
I/O = Combinatorial I/O 
R I/O = Registered I/O 


NOTES: 

fuax = 1/(tis + texo) Worst case 

* Measured at 15MHz (TTL input level) 

** Under development 

PAL is a trademark of AMD/MMI. 

PML is a trademark of Philips Components—Signetics. 
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Signetics Programmable Logic Devices 
may be ordered by contacting either the 
local Signetics sales office, Signetics rep- 
resentatives or authorized distributors. A 
complete listing is located in the back of 
this handbook. 


Ordering 
Information 


Table 1 provides part number definition for 
Signetics PLDs. The Signetics part num- 
ber system allows complete ordering in- 
formation to specified in the part number. 
The part number and product description 
is located on each data sheet. 


New Signetics PLD Part Numbering System 


P(L) XX YYYY Z 
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P 


Military versions of these commercial 
products may be ordered. Please refer to 
the military products data handbook for 
complete ordering information. 


Package Designator 
F — 20-, 24—, 28-Pin CERDIP DIP 
N — 20-, 24-, 28—Pin Plastic DIP 
A — 20-, 28—lead Plastic Leaded Chip Carrier 
FA — 20-, 24—-Pin CERDIP DIP with Quartz Window 


Performance Indicator 
(May be blank, A, B, D, etc. to designate speed variations in 


basic part.) 


Basic Part Number 
(3 to 8 characters) 


(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12) 


Process/Architecture Indicator 
S - Bipolar Junction Isolated Schottky — Nichrome fuses 
C — CMOS - EPROM cells 
HS — High Speed Bipolar Oxide Isolated — Vertical Fuse 
US —- High Speed Bipolar Oxide Isolated — Lateral Fuse 
HD — High Speed Decoder 


ML — Macro Logic 


(Blank for ECL devices) 


Indicator for Signetics Programmable Logic 
(Can be either P, PL, or blank) 
(P for PHD and PML and blank for ECL devices) 


Signetics Section 2 
Introduction 


Programmable Logic Devices 


INDEX 
What is Signetics Programmable Logic ............. 0c ee eee eee eee eee 9 
USI GG FBOUNY wie conecad de anand eve cede nee a Oe e ee ee eB eee ey 
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WHAT IS PROGRAMMABLE 
LOGIC 

In 1975, Signetics Corporation developed 
a new product family by combining its 
expertise in semi-custom gate array 
products and fuse-link Programmable 
Read Only Memories (PROMs). Out of 


“COMPLEMENT” 


ARRAY 


48 AND GATES 


NOTES: 
1, P,C, N, F and P/E are user-programmable connections. 
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Programmable Logic 


this marriage came Signetics Program- 
mable Logic Family. The PLS100 Field— 
Programmable Logic Array (FPLA) was 
the first member of this family. The FPLA 
was an important industry first in two 
ways. First, the AND/OR/INVERT archi- 


OUTPUT 
REGISTER 


Figure 1. High Speed Sequencer 


tecture allowed the custom implementa- 
tions of Sum of Product logic equations. 
Second, the three-level fusing allows 
complete flexibility in the use of this device 
family. All logic interconnections from 
input to output are programmable. 


OUTPUTS 
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Table 1. PLD Product Family 


PHD16N8 124nput/8—Output 
PLS153/153A 18nput/10—Output — 42—Term 
PLUS153B/153D/153—10 18input/10—Output — 42-Term 
PLS155—159A 161nput/12—Output — 45—Term 
PLS155 4 Registered Outputs 
PLS157 6 Registered Outputs 
PLS159A 8 Registered Outputs 
PLHS18P8A/B 18input/10—Output — 72—Term 
PLHS16L8A/B 164nput/8—Output — 64—Term 
PLC18V8Z/I 18nput/8—Output — 72—-Term 
PLUS16L8D/-7 16nput/8—Output — 72—-Term 
PLUS16R4D/-7 16nput/4—Output, 4 Registers 
PLUS16R6D/—7 16nput/6—Output, 6 Registers 
PLUS16R8D/—7 16input/8—Output, 8 Registers 


PLS167/A 14nput/6—Output — 48—Term 
8-Bit State Registers 
6—Output Registers 


PLS168/A 124nput/8—Output — 48—Term 
10—Bit State Registers 
8—Output Registers 


PLS173/PLUS173B/D/-10 221nput/ 10—Output — 42-Term 
PLS179 22—input/10—Output — 42—Term 
PLHS473 20—Input/11—Output — 24—Term 
PLC42VA12 42input/12—Output, 10 Registers 
PLUS20L8D/-7 20input/8—Output 
PLUS20R4D/—7 20—-Input/4—Output 
PLUS20R6D/—7 20nput/6—Output 
PLUS20R8D/—7 20{nput/8—Output 


PLS100/101 16nput/8—Output — 48—Term 
PLS105/105A/PLUS105 16nput/8—Output — 48—Term 

6—Bit State Register 

8—Output Registers 
PLUS405 PLS 16nput/8—Output — 64—-Term 

8-Bit State and Output Registers 


52-, 68-PIN 


PLHS501 32nput/24—Output — 116—Term 
PLHS502 32input/24—-Output — 144—-Term 
PLHS601 40input/24—Output — 150—Term 
PML2552 55nput/24—Output — 226—Term 
PHD48N22 48input/22—Output 
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Figure 2. PLUS153 20-Pin Functional Diagram 
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PLD LOGIC SYNTHESIS in each equation simply becomes adirectentry X9=AB+CD+BD 


No intermediate step is required to implement _into the Logic Program Table. The following ex- 
Boolean Logic Equations with PLDs.Eachterm ample illustrates this straightforward concept: X,=AB+CD+EFG 


INPUT(Im) 


= Po + Pi + P2 
Ps + Py + Pa 


DW 
g= 
zi 
a 
-_ 


TBO1910S 


Figure 3. Field Programmable Logic Array 


Xo X4 


Xp = AB+TD+ BD X, = AB+CTD+EFG 


Figure 4. Equivalent Fixed Logic Diagram 
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In the previous example, the two Boolean Logic 
equations were broken into Product terms. 
Each P-term was then programmed into the 
P—term section of the PLA Program Table. This 
was accomplished in the following manner: 


Step 1 

Select which input pins lp — |,5 will corre- 
spond to the input variables. In this case 
A - Gare the input variable names. Ig through 
lo were selected to accept inputs A — G re- 
spectively. 


INPUT (Im) 


VARIABLE 
NAME 


Step 2 

Transfer the Boolean Terms to the PLA 
Program Table. Thisis done simply by defining 
each term and entering iton the Program Table. 


e.g., Pp = AB 


VARIABLE 
NAME 
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Figure 5 


This P—term translates to the Program Table by 
selecting A = |g = Hand B =I, = H andentering 
the information in the appropriate column. 


=CD 


INPUT(Im) 


Figure 6 


13 


TB01900S 


This term is defined by selecting C =l4 =Land 
D = lz = H, and entering the data into the 
Program Table. Continue this operation until all 
P-terms are entered into the Program Table. 


TBO1890S 
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Step 3 

Select which output pins correspond to 
each output function. In this case Fo = Pin 18 
= Xo, and F, = Pin 17 = X. 


INPUT(Im) 


VARIABLE 
NAME 


TBO1882S 


Figure 7 


Step 4 is high for a positive logic expression of this put Function 0, (Fo). Conversely, X; can be ex- 
Select the Output Active Level desired for ©quation. Therefore, it is only necessary to pressed as X, by placing an (L) in the Active 
each Output Function. For Xo the active level | Place an (H) in the Active Level box above Out- —_ Level box above Output Function 1, (F4). 


INPUT (Im) 


| 
p45 if tt (teem men 
cil aa asd ec mm 
ar Ae 


VARIABLE 
NAME 


TB01870S 


Figure 8 
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Step 5 

Select the P—Terms you wish to make active 
for each Output Function. In this case Xp =Ppo 
+ P; +P, so an A has been placed in the inter- 
section box for Pp and Xo, P; and Xpand Pz and 
Xo. 


Po + P1 + P2 [74 


TB01861S 


VARIABLE 
NAME 
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Terms which are not active for a given output 


are made inactive by placing a (@) in the box un- 
der that P—term. Leave all unused P—terms un- 
programmed. 


Continue this operation until all outputs have 
been defined in the Program Table. 


INPUT(Im) 


Figure 9 
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Step 6 

Enter the data into a Signetics approved pro- 
grammer. The input format is identical to the 
Signetics Program Table. You specify the P— 
terms, Output Active Level, and which P-terms 
are active for each output exactly the way it ap- 
pears on the Program Table. 
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PLD LOGIC SYNTHESIS first choice. The PLUS153 is a PLA with 
(Continued) 8 inputs, 10 I/O pins, and 42 productterms. The 
When fewer inputs and outputs are required in US@ can configure the device by defining the 
a logic design and low cost is most important, direction of the he) pins. This is easily accom- 
the Signetics 20—pin PLD should be considered plished by using the direction control terms 


Figure 10. PLUS153 Functional Diagram 


OUTPUT 
O Bog 


J. TRI-STATE 
= BUFFER ACTIVE 


LD02450S 


a. Dg Active Makes Bg Appear as an Output 


Do —Dg to establish the direction of pins 
Bo — Bg. The D—terms control the 3—State buff- 
ers found on the outputs of the Ex—OR gates. 
Figures 10 and 11 show how the D-term confi- 
gures each By pin. 


+ TRI-STATE 
- BUFFER INACTIVE 
(OPEN) 


LD02460S 


with Feedback b. Dg Inactive Makes Bg Appear as an Input 


Figure 11 
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To control each D-term, it is necessary to 
understand that each control gate is a 36-input 
AND gate. To make the 3—State buffer active 
(B, pin an output), the output of the control gate 
must be at logic HIGH (1). This can be 


be forced on all control gate input nodes, or 
fuses can be programmed. When a fuse is 
programmed, that control gate input node is 
internally pulled up to HIGH (1). See Figure 12 
and Figure 13. 


Programming the fuse permanently places a 
HIGH (1) on the input to the control gate. The 
input pin no longer has any effect on that state. 


accomplished in one of two ways. A HIGH can 


Vcc 


FUSE INTACT 


|= HIGH (1) 1= LOW (0) 
CONTROL GATE CONTROL GATE 
L 
TO AND TO AND 
ARRAY ARRAY 
OR. _ OR- 
‘ene Bx=OUTPUT =, paay Bx = INPUT 


TRI-STATE 
BUFFER 


TRIFSTATE 
BUFFER 


TCO2360S 


Figure 12. Input Effect on Control Gates (Fuse Intact) 


FUSE PROGRAMMED 


|= HIGH (1) 


CONTROL GATE 


TO AND 
ARRAY 


By = OUTPUT 
TRI-STATE 
BUFFER 


TC02370S 


Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING By PIN DIRECTION 

Since each input to the D-terms is true and 
complement buffered (see Figure 11), when the 
device is shipped with all fuses intact, all control 
gates have half of the 36 input lines at logic low 
(0). The result of this is all Control Gate outputs 
are low (0) and the 3—State buffers are inactive. 
This results in all By pins being in the input con- 
dition. the resultant device is, therefore, an 
18—input, O—output FPLA. While useful as a bit 


CONTROL _ 


i 
| 


1,B(t) 


10 


PROGRAM TABLE ENTRIES 


DON'T CARE!-— 


x 


INACTIVE 


Aa 


January 1990 


bucket or Write—Only-Memory (WOM), most 
applications require at least one output. Clearly, 
the first task is to determine which of the By pins 
are to be outputs. The next step is to condition 
the control gate to make the 3-State buffer for 
those gates active. To dedicate By and B, as 
outputs, it is necessary to program all fuses to 
the inputs to Control Gates Dp and D,. This in- 
ternally pulls all inputs to those gates to HIGH 
(1) permanently. since all inputs to the Control 


-pot [ | tt tT 
: 
| 3} 


at 
N 


VARIABLE 
NAME 
Dee eel 
aaa 
ae: 
Le 
ae | 
a 
en 
as. 
as 
ee 
Lee! 
aa 
ee 
ee 
ree 
ee 
es 
be 


Figure 14. Dedicating Bo and B, as Outputs and B2 Through Bg as Inputs 


Introduction 


Gates are HIGH (1), the outputis HIGH (1) and 
the 3-State buffers for Bp and B;, are active. 
This permanently enables Bp and B, as out- 
puts. Note that even though Bp and B, are out- 
puts, the output data is available to the AND 
array via the internal feedback (see Figure 
11a). 


To program this data, the PLUS153 Program 
Table is used as shown in Figure 14. 


POLARITY 


NOTES: 

1. The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin links exists in the table, shown BLANK for 
clanty. 

2. Unused | and B bits in the AND array are normally 
programmed Don't Care (—) 

3. Unused product terms can be left blank. 
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By placing a (—) Don't Care in each input box 
you are specifying that the True and Comple- 
ment fuses are programmed on each Control 
Gate, thus permanently dedicating the Bp and 
B, pins as outputs. By placing a (0) in all input 
boxes for Bz — Bg, you are specifying that both 
True and Complement fuses are intact. This 
causes a low (0) to be forced on half of the 
Control Gate inputs, guaranteeing the output of 
the Control Gate will be low (0). When the 
Control Gate outputs are low (0), the 3-State 
buffer is inactive and the Bo — Bg pins are 


enabled as inputs. All Bx pin directions can be 
controlled in this manner. 


ACTIVE DIRECTION CONTROL 

Sometimes itis necessary to be able to actively 
change the direction of the Bx pins without per- 
manently dedicating them. Some applications 
which require this include 3—State bus enable, 
multifunction decoding, etc. This can easily be 


done by programming the Control Gate to 
respond to one or more inputpins. Itis only nec- 
essary to select which ly and By pins will control 
the pin directions and the active level HIGH (H) 
or LOW (L) thatwill be used. The PLUS 153 Pro- 
gram Table in Figure 15 shows the method of 
controlling Bo — Bg with I7. When I7 is LOW (L), 
pins Bo — Bg are outputs; when I7 is HIGH (H), 
pins Bo — Bg are inputs. Note that by program- 
ming all other lx and By pins as DON’T CARE 
(—), they are permanently disconnected from 
control of Bx pin direction. 


POLARITY 


_ CONTROL _ 


-— 
L 


1,B(I) 


PROGRAM TABLE ENTRIES 


DON'T CARE |— 


VARIABLE 


rr ae 
MIzi{els{etsiz|s[ols|ot7}sls]s]sla|s fol 
Pot TE tet tT tT tT pa tt 


re 
i 
pF | tt 


Sood 


1. The FPLA is shipped with all links intact. Thus a 
background of entries corresponding to states of 
virgin links exists in the table, shown BLANK for 
Clarity. 

2. Unused | and B bits in the AND array are normally 
programmed Don't Care (—) 

3. Unused product terms can be left blank 


Figure 15. Active Control of By — B; Using I; Active Low (L) 
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The previous 28—pin logic synthesis example 
could be done on the PLUS 153 as follows: 


Xo = AB+TD+ BD 
X,=AB+CD+EFG 


Note that Bp was used as a CHANGE input. 
When Bp is HIGH (H) the outputs appear on Bg 
and Bg. When Bo is LOW (L), the outputs ap- 


CONTROL _ 
(POL.) 


HIGH | H | 
LOW IL 


-— 
i 
| 


1,B(1) 


1 0 


PROGRAM TABLE ENTRIES 


INACTIVE 
DON'T CARE|— 


VARIABLE 
NAME 
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pear on Bg and B7. B, through Bs are not used 
and therefore left unprogrammed. 


Signetics offers two packages for user friendly 
design assistance. The first package, AMAZE, 
has evolved over 10 years to support Signetics 
programmable products with logic equation, 
state equation, and schematic entry. AMAZE 
can compile designs quite well for Signetics 


nose Soe Soe Soa 
PE Fae oe Get IDF TN Ea Sec Cas Eel se eel 
e 


Figure 16. PLUS153 Example 
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tae ee 


mOZPrIO 


lower density parts. However, to satisfy the 
needs of Programmable Macro Logic users, 
Signetics developed an additional software 
package called SNAP. SNAP expands upon 
the capabilities of AMAZE in its approach to de- 
sign implementation, more closely resembling 
a gate array methodology. Both of these prod- 
ucts are described in more depth ata later point 
in this handbook. 


POLARITY 


mO2ZrxroO 
mozrroa 


/ evi 
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CONSIDERATIONS 

The PLUS405, PLUS105 and PLC42VA12 
represent significant increases in complexity 
when compared to the combinatorial logic 
devices previously discussed. By combining 
the AND/OR combinatorial logic with clock 
output flip-flops and appropriate feedback, 
Signetics has created the first family of totally 
flexible sequential logic machines. 


The PLUS405 (Programmable Logic Sequenc- 
er) is an example of a high-order machine 
whose applications are many. Application 
areas for this device include VRAM, DRAM, 
Bus and LAN control. The PLUS405 is fully 
capable of performing fast sequential opera- 
tions in relatively high-speed processor 
systems. By placing repetitive sequential oper- 
ations on the PLUS405, processor overhead is 
reduced. 


The following pages summarize the PLUS405 
architecture and features. 


Sequencer Architecture 

The PLUS405 Logic Sequencer is a program- 
mable state machine, in which the output is a 
function of the present state and the present 
input. 

With the PLUS405, ausercan program any log- 
ic sequence expressed as a series of jumps 
between stable states, triggered by a validinput 
condition (I) at clock time (t). All stable states 
are Stored in the State Register. The logic out- 
put of the machine is also programmable, and 
is stored in the Output Register. The PLUS105 
is a subset of the PLUS405. 


Clocked Sequence 

A synchronous logic sequence can be repre- 
sented as agroup of circles interconnected with 
arrows. The circles represent stable states, 
labeled with an arbitrary numerical code 
(binary, hex, etc.) corresponding to discrete 
states of a suitable register. The arrows repre- 
sent state transitions, labeled with symbols 
denoting the jump condition and the required 
change in output. The number of states in the 
sequence depends on the length and complex- 
ity of the desired algorithm. 
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C) = INPUT 


V/ 


STATE ©) = PRESENT STATE 


() = NEXT STATE 
«) = NEXT OUTPUT 


REGISTER 


COMBIN. 
LOGIC Y, 
OUTPUT 
REGISTER 


BD01890S 


Figure 17. Basic Architecture of PLS105 FPLS. |, P, N, and F are Multi-line 
Paths Denoting Groups of Binary Variables Programmed by The User. 


AF02180S AF02190S 
Figure 18. Typical State Diagram. Figure 19. Typical State Transition 
1;-3 Are Jump Conditions Which Between Any Two States of Figure 
Must be Satisfied Before Any 18. The Arrow Connecting the Two 
Transitions Take Place. F, Are States Gives Rise to a Transition 
Changes in Output Triggered by I, Term Tp. | is the Jump Condition. 
and Stored in The Output Register. 
State Transitions a b and cd 
Involve No Output Change. 
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State Jumps 

The state from which a jump originates is re- 
ferred to as the Present state (P), and the state 
to which a jump terminates is defined as the 
Next state (N). A state jump always causes a 
change in state, but may or may not cause a 
change in machine output (F). 


State jumps can occur only via “transition 
terms” Tn. These are logical AND functions of 
the clock (t), the Present state (P), and a valid 
input (I). Since the clock is actually applied to 


the State Register, T, = leP. When T, is “true”, 
a control signal is generated and used at clock 
time (t) to force the contents of the State Regis- 
ter from (P) to (N), and to change the contents 
of the Output Register (if necessary). The sim- 
ple state jump in Figure 20, involving 2 inputs, 
1 state bit, and 1 output bit, illustrates the equiv- 
alence of discrete and programmable logic im- 
plementations. 


Sequencer Logic Structure 

The Sequencer consists of programmable 
AND and OR gate arrays which control the Set 
and Reset inputs of a State Register, as well as 
monitor its output via an internal feedback path. 
The arrays also control an independent Output 
Register, added to store output commands 
generated during state transitions, and to hold 
the output constant during state sequences in- 
volving no output changes. If desired, any num- 
ber of bits of the Output Register can be used 
to extend the width of the State Register, via ex- 
ternal feedback. 
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Figure 20. Typical State Jump From State (0) to State (1), 


LD02390S 


if Inputs A=B=''1"'. The Jump Also Forces F=''1"', as Required. 


mH——__LOGic TERMS T ———_ 


Figure 21. Simplified Logic Diagram of PLUS105 
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Figure 22. Typical AND Gate Coupled to (I) and (P) Inputs. 
If at Least One Link Pair Remains Intact, T, is Unconditionally Forced Low. 


fe fe fo 


—o>—D =D 
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Figure 23. Choice of Input Polarity Coupling to a Typical 
AND Gate. With Both Links Open, (I) is Logically Don't Care. 


Ip P2 
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Figure 24. Typical Transition Terms 
Involving Arbitrary Inputs and State 
Variables. All Remaining Gate Inputs 
Are Programmed Don't Care. Note 
That T2 Output is State Independent. 
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Input Buffers 

16 external inputs (I,,) and 6 internal inputs (Ps), 
fed back from the State Register, are combined 
in the AND array through two sets of True/ 
Complement (T/C) buffers. There are a total of 
22 T/C buffers, all connected to multiinput 
AND gates via fusible links which are initially 
intact. 


Selective fusing of these links allows coupling 
either True, Complement, or Don't Care values 
of (In) and (P,). 


“AND” Array 

State jumps and output changes are triggered 
at clock time by valid transition terms T,. These 
are logical AND functions of the present state 
(P) and the present input (I). 


The PLUS105 AND Array contains a total of 48 
AND gates. Each gate has 45 inputs — 44 
connected to 22 T/C input buffers, and 1 dedi- 
cated to the Complement Array. The outputs of 
all AND gates are propagated through the OR 
Array, and used at clock time (t) to force the 
contents of the State Register from (P) to (N). 
they are also used to control the Output 
Register, so that the FPLS 8—bit output F, is a 
function of the inputs and the present state. The 
PLUS405 contains 64 AND gates in its’ AND 
array. 
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“OR” Array 

In general, a clocked sequence will consist of 
several stable states and transitions, as deter- 
mined by the complexity of the desired algo- 
rithm. All state and output changes in the state 
diagram imply changes in the contents of State 
and Output Registers. 


Thus, each flip-flop in both registers may need 
to be conditionally set or reset several times 
with T, commands. This is accomplished by 
selectively ORing through a programmable OR 
Array all AND gate outputs T, necessary to 
activate the proper flip—flop control inputs. 


The PLUS105 OR Array consists of 14 pairs of 
OR gates, controlling the S/R inputs of 14 State 
and Output Register stages, and a single NOR 
gate for the Complement Array. All gates have 
48 inputs for connecting to all 48 AND gates. 
The PLUS405 uses 64 input gates. 


The PLUS405 contains 16 pairs of OR gates 
controlling state transitions and output stages 
and two additional NOR gates for dual comple- 
ment arrays. 


Complement Array 

The COMPLEMENT Array provides an 
asynchronous feedback path from the OR 
Array back to the AND Array. 


This structure enables the sequencer to per- 
form both direct and complement sequential 
State jumps with a minimum of transition (AND) 
terms. 

Typically direct jumps, such as T; and To in 
Figure 27 require only asingle AND gate each. 
But a complement jump such as T3 generally 
requires many AND gates if implemented as a 
direct jump. However, by using the Comple- 
ment Array, the logic requirements for this type 
of jump can be handled with just one more gate 
from the AND Array. Because it can be split into 
separate machines (2 clocks), the PLUS405 in- 
corporates two COMPLEMENT Arrays. 
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REGISTER 


LD02350S 


Figure 25. Typical OR Array Gating of Transition Terms T;23 Controlling Ar- 
bitrary State and Output Register Stages. 


AND ARRAY 


COMPLEMENT 
ARRAY LOGIC 
PATH 
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Figure 26. The COMPLEMENT Array is Logically Constructed from a 
multiple input Programmable NOR Gate. All AND Terms Coupled to the 
OR Gate are Complemented at the Inverter Output, and Can be Fed Back 
as Inputs to the AND Array. 
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TRANSITION TERMS COMPLEMENT ARRAY 


AF02160S AF02170S 


T3 = Po(PoX + PoY) 
T3 = Po[Po(X + Y)] 
ene T3 = Po[Po + (X + Y)] 
Ta= Pov T3 = 0+ Po(X FY) 
T3 = Po(X ° Y) 


T, = PoX 


COMPLEMENT Ts = Po(Xe ¥) = Po(T; + Ta) 


a. Typical State Sequence b. Complement Jump 


Figure 27. a. X And Y Specify the Conditional Logic for Direct Jump 
Transition Terms T; and T2. The Complement Jump Term T3 is True Only 
When Both T,; and T>2 are False. b. Note that the Complementary Logic 
Expression for T3, T; + Tz, Corresponds Exactly to the Logic Structure of the 
Complement Array. 
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As indicated in Figure 28, the single Comple- 
ment Array gate may be used for many states 
of the state diagram. This happens because all 
transition terms linked to the OR gate include 
the present state as a part of their conditional 
logic. In any particular state, only those transi- 
tion terms which are a function of that state are 
enabled; all other terms coupled to different 
states are disabled and do not influence the 
output of the Complement Array. As a general 
rule of thumb, the Complement Array can be 
used as many times as there are states. 


Signetics Programmable Logic Devices 


Signetics Programmable Logic Introduction 


Ta1 = lol Po 
Ta2 = laPo 


To3 = (Tai + Ta2)Po = (loly + !2)Po 


Tas = 12P3 
Tae = Iol4P3 


Tes = (Tag + Tae)P3 = (lols + 12)P3 


Ton = COMPLEMENT STATE TRANSITION TERM 
Tan = DIRECT STATE TRANSITION TERM 
P, = PRESENT STATE 


AF02150S 


a. State Diagram b. Logic Definition 


COMPLEMENT 
ARRAY COMPLEMENT 
ARRAY 


Te3 Taq Tae Tes 


8 TRANSITION TERMS USED 6 TRANSITION TERMS USED 
L002320S L002310S 


c. State Logic without Using the Complement Array d. State Logic Using the Complement Array 


Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes Complement Jumps Tc3 and 
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (qd). 


Additional features are available dependingon More details on PLAs, PAL-Type devices and Programmable Macro Logic, Signetics very 
a specific part. In particular, the PLC42VA12 Sequencers can be found in the application high density logic is fully described in detail in 
has everything mentioned here, and more. _ section later in the manual. its own section. 
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SIGNETICS PROGRAMMABLE 


LOGIC QUALITY 

Signetics has put together winning processes 
for manufacturing Programmable Logic. Our 
standard is zero defects, and current customer 
quality statistics demonstrate our commitment 
to this goal. 


The PLDs produced in the Standard Products 
Group must meet ngid criteria as defined by our 
design rules and as evaluated with a thorough 
product characterization and quality process. 
The capabilities of our manufacturing process 
are measured and the results evaluated and re- 
ported through our corporate—wide QA05 data 
base system. The SURE (Systematic Uniform 
Reliability Evaluation) program monitors the 
performance of our product in a variety of accel- 
erated environmental stress conditions. All of 
these programs and systems are intended to 
prevent product—related problems and to in- 
form our customers and employees of our prog- 
ress in achieving zero defects. 


RELIABILITY BEGINS WITH THE 


DESIGN 

Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
Circuits. To eliminate the possibility of metal mi- 
gration, current density in any path cannot ex- 


ceed 2 X 10° amps/cm?. Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch—up ef- 
fects. Numerous ground—to—substrate connec- 
tions are required to ensure that the entire chip 
is at the same ground potential, thereby pre- 
cluding internal noise problems. 


PRODUCT CHARACTERIZATION 

Before a new design is released, the character- 
ization phase is completed to insure that the 
distribution of parameters resulting from lot-to— 
lot variations is well within specified limits. Such 
extensive characterization data also provides a 
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basis for identifying unique application—related 
problems which are not part of normal 
data sheet guarantees. Characterization takes 


place from -—55°C to +125°C and at + 10% 
supply voltage. 


QUALIFICATION 

Formal qualification procedures are required 
for all new or changed products, processes and 
facilities. These procedures ensure the high 
level of product reliability our customers expect. 
New facilities are qualified by corporate groups 
as well as by the quality organizations of specif- 
ic units that will operate in the facility. After qual- 
ification, products manufactured by the new 
facility are subjected to highly accelerated envi- 
ronmental stresses to ensure that they can 
meet rigorous failure rate requirements. New or 
changed processes are similarly qualified. 


QA05 — QUALITY DATA BASE 


REPORTING SYSTEM 

The QA05 data reporting system collects the 
results of product assurance testing on all 
finished lots and feeds this data back to 
concerned organizations where appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ (Aver- 
age Outgoing Quality) results for electrical, 
visual/mechanical, hermeticity, and documen- 
tation audits. Data from this system is available 
upon request. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors products 
from all Signetics’ divisions under a variety of 
accelerated environmental stress conditions. 
This program, first introduced in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
Long-term accelerated stress performance 
audit and a short-term accelerated stress moni- 
tor. In the case of Bipolar Memory and Program- 
mable Logic products, samples are selected 
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that represent all generic product groups in all 
wafer fabrication and assembly locations. 


THE LONG-TERM AUDIT 
One-hundred devices from each generic family 
are subjected to each of the following stresses 
every eight weeks: 


®@ High Temperature Operating Life: 
Ty = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 


® High Temperature Storage: Ty = 150°C, 
1000 hours 


® Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
Static biased 


®@ Temperature Cycling (Air-to-Air): -65°C to 
+150°C, 1000 cycles 


THE SHORT-TERM MONITOR 
Every other week a 50-piece sample from each 
generic family is run to 168 hours of pressure 
pot (15psig, 121°C, 100% saturated steam) 
and 300 cycles of thermal shock (-65°C to 
+150°C). 


In addition, each Signetics assembly plant per- 
forms SURE product monitor stresses weekly 
on each generic family and molded package by 
pin count and frame type. Fifty-piece samples 
are run on each stress, pressure pot to 96 
hours, thermal shock to 300 cycles. 


SURE REPORTS 

The data from these test matrices provides a 
basicunderstanding of productcapability, an in- 
dication of major failure mechanisms and an es- 
timated failure rate resulting from each stress. 
This data is compiled periodically and is avail- 
able to customers upon request. 


Many customers use this information in lieu of 
running their own qualification tests, thereby 
eliminating time-consuming and costly addi- 
tional testing. 
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RELIABILITY ENGINEERING 

In addition to the product performance monitors 

encompassed in the Programmable Logic 

SURE program, Signetics’ Corporate and 

Division Reliability Engineering departments 

sustain a broad range of evaluation and qualifi- 

cation activities. 

Included in the engineering process are: 

® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities and subcontractors 


® Device or generic group failure rate studies 


® Advanced environmental stress develop- 
ment 


® Failure mechanism characterization and 
corrective action/prevention reporting 

The environmental stresses utilized in the engi- 
neering programs are similar to those utilized 
for the SURE monitor; however, more highly- 
accelerated conditions and extended durations 
typify the engineering projects. Additional 
stress systems such as biased pressure pot, 
power-temperature cycling, and cycle-biased 
temperature-humidity, are also included in the 
evaluation programs. 


FAILURE ANALYSIS 

The SURE Program and the Reliability Engi- 
neering Program both include failure analysis 
activities and are complemented by corporate, 
divisional and plant failure analysis depart- 
ments. These engineering units provide a ser- 
vice to our customers who desire detailed 
failure analysis support, who in turn provide 
Signetics with the technical understanding of 
the failure modes and mechanisms actually ex- 
perienced in service. This information is essen- 
tial in our ongoing effort to accelerate and 
improve our understanding of product failure 
mechanisms and their prevention. 


ZERO DEFECTS PROGRAM 

In recent years, United States industry has in- 
creasingly demanded improved product quali- 
ty. We at Signetics believe that the customer 
has every right to expect quality products from 
a supplier. The benefits which are derived from 
quality products can be summed up in the 
words, lower cost of ownership. 
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Those of you who invest in costly test equip- 
ment and engineering to assure that incoming 
products meet your specifications have a spe- 
cial understanding of the cost of ownership. 
And your cost does not end there; you are also 
burdened with inflated inventories, lengthened 
lead times and more rework. 


SIGNETICS UNDERSTANDS 
CUSTOMERS’ NEEDS 

Signetics has long had an organization of quali- 
ty professionals, inside all operating units, 
coordinated by a corporate quality department. 
This broad decentralized organization provides 
leadership, feedback, and direction fo achiev- 
ing a high level of quality. 


In 1980 we recognized that in order to achieve 
outgoing levels on the order of 100ppm (parts 
per million), down from an industry practice of 
10,000ppm, we needed to supplement our tra- 
ditional quality programs with one that encom- 
passed all activites and all levels of the 
company. such unprecedented low defect lev- 
els could only be achieved by contributions 
from all employees, from the R and D laboratory 
to the shipping dock. In short, from a program 
that would effect a total cultural change within 
Signetics in our attitude toward quality. 


DEFECTIVE PARTS PER MILLION 
(IN THOUSANDS) 


12.0 
10.8 
9.6 
8.4 
7.2 


6.0 


4.8 


3.6 


QUALITY PAYS OFF FOR OUR 


CUSTOMERS 

Signetics’ dedicated programs in product quali- 
ty improvement, supplemented by close work- 
ing relationships with many of our customers, 
have improved outgoing product quality more 
than twenty-fold since 1980. Today, many ma- 
jor customers no longer test Signetics circuits. 
Incoming product moves directly from the re- 
ceiving dock to the production line, greatly 
accelerating throughput and reducing invento- 
ries. Other customers have pared significantly 
the amount of sampling done on our products. 
Others are beginning to adopt these cost- 
saving practices. 

We closely monitor the electrical, visual, and 
mechanical quality of all our products and re- 
view each retum to find and correct the cause. 
Since 1981, over 90% of our customers report 
a significant improvement in overall quality (see 
Figure 1). 

At Signetics, quality means more than work- 
ing circuits. It means on-time delivery of the 
right product at the agreed-upon price. 
Signetics considers Performance to Customer 
Request and Performance to Original Sched- 
ule Date to be key Quality issues. Employees 
treat delinquencies as quality defects. They 
analyze the cause for the delinquency and seek 
corrective action to prevent future occurrence. 
Continuous effort is given to try to achieve the 
ultimate goal of zero delinquencies. 


Figure 1. Signetics Quality Progress 
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ONGOING QUALITY PROGRAM 
The quality improvement program at Signetics 
is based on “Do It Right the First Time”. The in- 
tent of this innovative program is to change the 
perception of Signetics’ employees that some- 
how quality is solely a manufacturing issue 
where some level of defects is inevitable. this 
attitude has been replaced by one of accep- 
tance of the fact that all errors and defects are 
preventable, a point of view shared by all tech- 
nical and administrative functions equally. 


This program extends into every area of the 
company, and more than 40 quality improve- 
ment teams throughout the organization drive 
its ongoing refinement and progress. 


Key components of the program are the Quality 
College, the “Make Certain” Program, Correc- 
tive Action Teams, and the Error Cause Re- 
moval System. 


The core concepts of doing it right the first time 

are embodied in the four absolutes of quality: 

1. The definition of quality is conformance to 
requirements. 


Nh 


. The system to achieve quality improve- 
ment is prevention. 


. The performance standard is zero 
defects. 


. The measurement system is continuous 
improvement. 


(o>) 


> 
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“MAKING CERTAIN” — 
ADMINISTRATIVE QUALITY 


IMPROVEMENT 

Signetics’ experience has shown that the larg- 
est source of errors affecting product and ser- 
vice quality is found in paperwork and in other 
administrative functions. The “Make Certain” 
program focuses the attention of management 
and administrative personnel on error preven- 
tion, beginning with each employee's own ac- 
tions. 

This program promotes defect prevention in 
three ways: by educating employees as to the 
impact and cost of administrative errors, by 
changing attitudes from accepting occasional 
errors to one of accepting a personal work stan- 
dard of zero defects, and by providing a formal 
mechanism for the prevention of errors. 


CORRECTIVE ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force with- 
in the company for quality improvement, 
resolve administrative, technical and manufac- 
turing issues. 


ECR SYSTEM (ERROR CAUSE 
REMOVAL) 

The ECR System permits employees to report 
to management any impediments to doing the 
job right the first time. Once such an impedi- 
ment is reported, management is obliged to 
respond promptly with a corrective program. 
Doing it right the first time in all company activi- 
ties produces lower cost of ownership through 
defect prevention. 


PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test professionals in the company. this group: 
1. Sets aggressive product quality improve- 
ment goals; 

2. provides corporate-level visibility and 
focus on problem areas; 

3. serves as a corporate resource for any 
group requiring assistance in quality 
improvement; and 

4. drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 


VENDOR CERTIFICATION 
PROGRAM 


Our vendors are taking ownership of their own 
product quality by establishing improved pro- 
cess control and inspection systems. They sub- 
scribe to the zero defects philosophy. Progress 
has been excellent. 


Through intensive work with vendors, we have 
improved our lot acceptance rate on incoming 
materials as shown in Figure 2. Simultaneous- 
ly, waivers of incoming material have been 
eliminated. 


Signetics Programmable Logic Devices 


Quality and Reliability 


1980 1961 1982 19863 


1984 


1985 1966 


Figure 2. Lot Acceptance Rate From Signetics Vendors 


MATERIAL WAIVERS 
1988 — 
1987 - 
1986 — 
1985 — 
1984 — 
1983 — 
1982 - 
1981 -134 
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Higher incoming quality material ensures high- 
er Outgoing quality products. 


QUALITY AND RELIABILITY 
ORGANIZATION 

Quality and reliability professionals at the divi- 
sional level are involved with all aspects of the 
product, from design through every step in the 
manufacturing process, and provide product 
assurance testing of outgoing product. A sepa- 
rate corporate-level group provides direction 
and common facilities. 

Quality and Reliability Functions 


® Manufacturing quality control 
® Product assurance testing 


@ Laboratory facilities — failure analysis, 
chemical, metallurgy, thin film, oxides 


® Environmental stress testing 

® Quality and reliability engineering 
® Customer liaison 
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COMMUNICATING WITH EACH 


OTHER 

For information on Signetics’ quality programs 
or for any question conceming product quality, 
the field salesperson in your area will provide 
you with the quickest access to answers. Or, 
write on your letterhead directly to the corporate 
VP of quality at the corporate address shown at 
the back of this manual. 


We are dedicated to preventing defects. When 
product problems do occur, we want to know 
about them so we can eliminate their causes. 
Here are some ways we can help each other: 


® Provide us with one informed contact within 
your organization. This will establish conti- 
nuity and build confidence levels. 


® Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help prevent 
problems before they occur. 


© Test correlation data is very useful. Line- 
pull information and field failure reports 
also help us improve product performance. 


® Provide us with as much specific data on 
the problem as soon as possible to speed 
analysis and enable us to take corrective 
action. 


® An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 


This teamwork with you will allow us to achieve 
our mutual goal of improved product quality. 
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MANUFACTURING: DOING IT 


RIGHT THE FIRST TIME 

In dealing with the standard manufacturing 
flows, it was recognized that significant im- 
provement would be achieved by “doing every 
job right the first time”, a key concept of the 
quality improvement program. During develop- 
ment of the program many profound changes 
were made. Figure 3, Programmable Logic 
Process Flow, shows the result. Key changes 
included such things as implementing 100% 
temperature testing on all products as well as 
upgrading test handlers to insure 100% posi- 
tive binning. Some of the other changes and ad- 
ditions were to tighten the outgoing QA lot 
acceptance criteria to the tightest in the indus- 
try, with zero defect lot acceptance sampling 
across all three temperatures. 


The achievements resulting from the improved 
process flow have helped Signetics to be rec- 
ognized as the leading Quality supplier of Pro- 
grammable Logic. These achievements have 
also led to our participation in several Ship-to- 
Stock programs, which our customers use to 
eliminate incoming inspection. such programs 
reduce the user cost of ownership by saving 
both time and money. 


OUR GOAL: 100% 


PROGRAMMING YIELD 

Our original goal back in the early 1970s was to 
develop a broadline of programmable products 
which would be recognized as having the best 
programming yield in the industry. Within the 
framework of a formal quality program, our ef- 
forts to improve circuit designs and refine man- 
ufacturing controls have resulted in major 
advances toward that goal. 


Also within the framework of our formal quality 
program we have now established a stated goal 
of 100% programming yield. through the in- 
creasing effectiveness of a quality attitude of 
“Do It Right the First Time” we're moving ever 
closer to that target. 


Signetics PLD programming yields have been 
shown in collected data from intemal audits and 
customer reporting to be consistently higher 
than comparable devices produced by our 
competition. We use systematic methods in- 
volving publication of exacting specifications of 
our programming algorithms, and through eval- 
uation of those algorithms as implemented in 
industry standard programming equipment. 
Because of this we can assure our customers 
who program Signetics PLDs on such qualified 
equipment they will see consistently high 
yields. Our data base shows that average lot 
programming yield exceeds 97%. 
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SCANNING ELECTRON MICROSCOPE CONTROL 


Wafers are sampled daily by the Quality Control Laboratory from each fabrication area and subjected to SEM 
analysis. This process contro! reveals manufacturing defects such as contact and oxide step coverage in the 
metalization process which may result in early failures. 


DIE SORT VISUAL ACCEPTANCE 


Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break 
operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot acceptance 
crheria. 


PRE-SEAL VISUAL ACCEPTANCE 


Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects such as 
scratches, contamination and smeared ball bonds are included in the lot acceptance criteria. 


STABILIZATION BAKE PRECONDITIONING 


Plastic moked devices are baked to stress wire and die bonds and help eliminate marginal devices. It also ensures 
an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the elimination 
of any remaining cavity moisture. 


° 


TEMPERATURE CYCLING (Monitor) 


Using Mi—STD-—883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a 
very severe stress which weakens loose bonds and package seals without degrading good devices. A loosened 
bond is later detected during 100% electrical tests. 


SEAL TESTS 
Hermetic package seal integrity is ensured by 100% gross leak testing. 


100% PRODUCTION ELECTRICAL TEST 


Every device is tested for functional and AC/DC parameters at high temperature with guard bands to assure 
performance to data sheet limits. 


° 


BURN IN (SUPR W LEVEL B OPTION) 
Devices are burned in for 21 hours at 155°C maximum junction temperature. 


i?) 


SYMBOL 


Devices are marked with the Signetics logo, device number and the date code or custom symbol per individual 
§ specification requirements. 


i?) 


VISUAL 
All products are 100% visually inspected per the requirements specified in Signetics or customer documents. 


100% PRODUCTION ELECTRICAL TESTING 


Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure performance to 
data sheet limits. 


9° 


FINAL QUALITY ASSURANCE GATE 


The final QA inspection step guarantees that the specified mechanical and electrical tests have met Signetics 
Zero Defect Requirements. Every shipment is sealed and identified by QA personnel. 


Figure 3. Customer Specific Products Programmable Logic Process Flow 
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Quality and Reliability 


As time goes on the drive for a product line that 
has Zero Defects will grow in intensity. These 
efforts will provide both Signetics and our cus- 
tomers with the ability to achieve the mutual 
goal of improved product quality. 

The Customer Specific Quality Assurance de- 
partment has monitored PPM progress, which 
can be seen in Figure 4. We are pleased with 
the progress that has been made, and expect 
to achieve even more impressive results as the 
procedures for accomplishing these tasks are 
fine tuned. 


January 1990 


1980 1981 1982 1983 


Figure 4. Programmable Logic EPQ (Estimated Process Quality) 
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Quality and Reliability 


The Customer Specific Reliability Department 
has established an ongoing Infant Mortality 
Monitor. This monitor is used to determine and 
drive ongoing Corrective Action for the pur- 
poses of continuously improving product reli- 
ability. 

The real measure of any quality improvement 
program is the result that our customers see. 
The meaning of Quality is more than just work- 
ing circuits. It means commitment to On Time 
Deliveryat the Right Place of the Right Quantity 
of the Right Product at the Agreed Upon Price. 


January 1990 
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CMOS RELIABILITY 


INFORMATION 

All Signetics’ EPROM die are designed as low 
power UV light erasable and electrically pro- 
grammable read only memories. They have 
been designed to perform over military and 
commercial temperature ranges. These die are 
assembled in EPROM packages that comply 
with industry standard packages: CERDIP 
(Quartz window), Plastic DIP (One Time Pro- 
grammable) and Plastic Leaded Chip Carrier 
(One Time Programmable). 


The following descriptions are of the tests and 
calculations performed on each device organi- 
zation and package type to validate the quality 
and reliability of the CMOS design and technol- 
ogy. All described tests are performed on each 
package type, with the exception of the ‘Pro- 
gram-erase cycling’ test for the One Time Pro- 
grammable devices. 


ELECTROSTATIC DISCHARGE 


PROTECTION (ESD) 
This test is performed to validate the product's 
tolerance to electrostatic discharge damage. 


Both MIL—STD-883 criteria (human body mod- 
el) and mechanical model charged device test 
are performed. 


HIGH TEMPERATURE STORAGE 
LIFE TEST (HTSL) 


Another popular name for this test is data reten- 
tion bake. This process is used to thermally ac- 
celerate charge loss from the floating gate. The 
test is performed by subjecting devices that 
contain a 100% programmed data pattern to a 
250°C bake with no applied electrical bias or 
clocks. 


In addition to charge loss, this testis used to de- 
tect mechanical reliability (i.e., bond integrity) 
and process instability. 
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DYNAMIC LOW TEMPERATURE 


LIFE TEST (DLTL) 

This test is performed at —10°C to detect the 
effects of hot electron injection into the gate 
oxide as well as package-related failures (i.e., 
metal corrosion). The biasing and clocking con- 
ditions for this test are identical to the DHTL #1 
test. 


TEMPERATURE CYCLE (TMCL) 
This test consists of performing 200 cycles of 
ambient air temperature of the chamber and 
housing the unbiased subject devices from 
—65°C to +150°C and back. The 200 cycles are 
performed at 20 minutes per cycle. 


DYNAMIC HIGH TEMPERATURE 
LIFE TEST (DHTL #1) 


This test is used to accelerate failure mecha- 
nisms by operating the devices at 125°C ambi- 
ent temperature with worst-case specified 
power supply voltages of Vcc and Vpp at 5.5V. 
The memory is sequentially addressed to exer- 
cise the fully-loaded outputs. A checkerboard 
complement data pattern is used to simulate 
random patterns expected during actual use. 


DYNAMIC HIGH TEMPERATURE 
LIFE TEST (DHTL #2) 


This testis used to accelerate oxide breakdown 
failures and to further accelerate the failure 
mechanisms of DHTL #1. The test setup is 
identical to the one used for the DHTL #1 test 
except the temperature is 150°C and the Vcc 
and Vpp power supply voltages are 6. 5V, result- 
ing in a 20% increase over the specified opera- 
tional electrical field across the gate oxides of 
the device (1.25mV/cm for 325A oxide thick- 
ness). This represents a 55 X electrical field in- 


duced acceleration in addition to the thermal 
acceleration at 150°C. 


PROGRAM-ERASE CYCLING 
AND PROGRAMMABILLITY 


All four power supply voltage combinations for 
Vcc and Vpp are tested for programmability 
(Voc = 6.0V + 0.25V and Vpp = 12.5V + 0.5V in 
program mode). The number of possible pro- 
gram/erase cycles is then tested to establish 
program-erase cycling expectations. 


FAILURE RATE PREDICTIONS 

In preparation for the various life tests, a 168 
hour, 125°C, 5.5V production burn-in is per- 
formed on the devices. The infant mortality re- 
jects are removed from the population in order 
to develop long-term failure rate information 
during the random failure rate portion of the de- 
vice life cycle. 


The failure rate calculation combines all failure 
mechanisms by activation energies and asso- 
ciated device hours for the 125°C, 5.5V Dy- 
namic Life Test (DHTL #1), the 150°C, 6.5V 
Dynamic Life Test (DHTL #2), the 150°C, 7.5V 
Static Life Test and the 250°C Bake. 


The activation energies for the various EPROM 
failure mechanisms are: 


Defective bit 0.6eV 
charge gain/loss 
(electron hopping conduction) 
Oxide breakdown 0.3eV 
Silicon defects 0.3eV 
Contamination 1.0-1.2eV 
Intrinsic charge loss 1.4eV 


NOTE: 
The combined failure rate for the stresses is the 
sum of failure rates by activation energies. 


Signetics Programmable Logic Devices 


Quality and Reliability 


METHODS OF FAILURE RATE 
CALCULATIONS 


Actual Device Hours = Number of Devices X 
Number of Hours. In order to determine the 
Equivalent Hours derated to a given operation 
temperature, the junction temperatures of the 
devices should be calculated using the known 


thermal resistance of the package (8),) and the 
power dissipation of the devices: 


Ty, 2 = 94a (IV)1,2 + Tat,2 (1) 


Using the Arrhenius relation, the test tempera- 
ture and the derated operation temperature will 
yield the thermal acceleration factor from 
Ty to To. 


bal 
R, A-expLkT E,lf1 1 
Ares wll] 
Re wh Ea] Ty Te 

kT2 


k = 8.617 xX 10~ eV/Kelvin (Boltzmann's 
constant) 

A_ = Proportionality constant for a given 
failure mechanism 

R; = mean time to failure @ T; 

Ra = mean time to failure @ T2 

Ea = activation energy for the failure 
mechanism 

T; = Operating temperature 

To = life test temperature 
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An additional 55 X acceleration factor should 
be added for the 150°C/6.5V dynamic life test 
due to the time-dependent oxide failure accel- 
eration (20% higher than specified power sup- 
ply voltage). 


Multiplying the actual device hours by the ac- 
celeration factor for each failure mechanism 
will result in the equivalent hours. 


Poisson statistics are applied to estimate the 
performance of the population from the life test 
results of a sample test. This is useful when the 
probability of failures is small and the failures 
occur randomly in time. A commonly used for- 
mula for estimating the failure rate is the “chi- 
squared” equation: 


2 


x 
Fe = — X 100% 3 
cra. 6 (3) 


Fo = calculated failure rate estimate 
(in %/1000 hrs) at upper confidence limit 
YX? = “chi-squared” value for 2F, + 2 degrees 
of freedom for o where Fg is the number 
of actual failures (y? comes from 
available tables for a known ec) 


oc = 1-8, where B is the confidence limit 
(B is stated in %). 

n = number of units in test 

t = test time in thousands of hours 
(equivalent) 
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Equation 3 will calculate the estimated failure 
rates/1000 hrs for 60% confidence level (indus- 
try standard) for each failure mechanism. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors products 
from all Signetics’ divisions under a variety of 
accelerated environmental stress conditions. 
this program, first introduced in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
long-term accelerated stress performance au- 
dit and a short-term accelerated stress monitor. 
In the case of Memory products, samples are 
selected that represent product groups from all 
wafer fabrication and assembly locations. 


SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and an 
estimated failure rate resulting from each 
stress. This datais compiled periodically and is 
available to customers upon request. 
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DESCRIPTION 
The PLHS16L8A is a high-speed “A” ver- 
sion, and the PLHS16L8B Is a very high- 


speed “B” version PAL®-type device. The 
sum of products (AND-OR) architecture is 
comprised of 64 AND gates and 8 OR 
gates. The Signetics PLHS16L8A/B de- 
vices offer 100% functional compatibility 
with other PAL 16L8 devices. Specified at 
a tpp of 20ns (maximum), the PLHS16L8A 
is 20% faster than other “A” version PAL 
16L8 devices, and consumes 20% less 
power than most other “A” speed 16L8 de- 
vices. The PLHS16L8B, specified at 
155mA loc (maximum), consumes 20% 
less power than other “B” version PAL 
16L8 devices. 


All AND gates are linked to 10 dedicated 
inputs, 6 bidirectional I/O and 2 dedicated 
outputs. On-chip buffers couple either true 
(1, B) or complement (I, B) input polarities 
to all AND gates. The 64 AND gates are 
separated into eight groups of eight prod- 
uct terms each. Within each group, seven 
of the AND terms are OR’ed together, 
while the eighth is used to control the 
3-State function of the bidirectional I/O. All 
outputs (bidirectional and dedicated) are 
inverting. 


Date of Issue 


In the virgin state, the AND array fuses are 
back-to-back CB-EB diode pairs which act 
aS open connections. Current is ava- 
lanched across individual diode pairs dur- 
ing fusing, which essentially short circuits 
the EB diode and provides the connection 
for the associated product term. 


The PLHS16L8A/B is _ field-program- 
mable, allowing the user to quickly gener- 
ate custom patterns using standard 
programming equipment. 


® 


PLHS16L8A/B 


Programmable AND Array Logic 


(16 x 64 x 8) 


Order codes are listed in the Ordering 
Information Table. 


FEATURES 


e “A” version 100% functionally and 
pin-for-pin compatible with 
AmPAL16L8A, MMI PAL16L8A, 
TIBPAL16L8-25, and 
NSC PAL16L8A devices 


— 20% faster than other “A” version 
PAL devices 


— tpp = 20ns (max) 

e “B” version 100% functionally and 
pin-for-pin compatible with 
AmPAL16L8B, MMI PAL16L8B, 


TIBPAL16L8-15 and NSC PAI.16L8B 
devices 


— Consumes 20% less power than 
other “B” version PAL devices 


— 155mA Icc (worst case) 


— I/O propagation delay: 15ns (max) 
(“B” version) 


® Field-programmable 
® 10 dedicated inputs 


© 8 outputs 
— 6 bidirectional I/O 
— 2 dedicated outputs 


® Individual 3-State control of all 
outputs 


© 64 AND gates/product terms 
© Security fuse 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 


39 


PIN CONFIGURATIONS 
N Package 


A Package 


lg GND Ig Op By 


APPLICATIONS 


@ 100% functional replacement for 
20-pin 16L8 combinatorial PAL de- 
vices 


© Random logic 

© Code converters 

© Fault detectors 

© Function generators 

e Address mapping/decoding 
@ Multiplexing 


PHILIPS 
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PLHS16L8A/B 


Programmable AND Array Logic (16 x 64 x 8) 


FPLA LOGIC DIAGRAM 


PLHS16L8A/B 
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NOTES: 


1. All unprogrammed or virgin “AND” gate locations are pulled to logic “1”. 


Programmable connections. 


2. 
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Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B 


FUNCTIONAL DIAGRAM 


Pg3 ——_______—_—_—_——__ LOGIC TERMS) —$________ Py) 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 


20-Pin Plastic Dual In—Line (300mil-wide) PLHS16L8AN, PLHS16L8BN 150°C 
20—Pin Plastic Leaded Chip Carrier PLHS16L8AA, PLHS16L8BA i 


Maximum ambient 


Allowable thermal rise e 
ambient to junction 75°C 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATINGS 
Supply voltage —0.5 to +7 
Input voltage —0.5 to +5.5 

A 


“O51 Voc Nas 
Tin | rputeurent dC 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a Stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B 


DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min =| Typt | Max | UNIT 


Input voltage? 

Vie Low Voc = MIN 

Vin High Voc = MAX 

Vi Clamp Voc = MIN, lin =-18mA 
Output voltage 


Voi Low lo. = +24mA 
Von High lon = —3.2mA 
Voc = MAX 
he Low Vin = +0.40V 
Ny High Vin = +2.7V 
I High Vin = +5.5V 


Output current 


Voc = MAX, Vi, = 0.8V, Viy = 2.0V 
lozH Output leakage Vout = +2.7V +100 
i Output leakage Vout = +0.40V 
Short circuit 3 Vout = +0.5V 


SS ee 
NOTES: 


Capacitance* 
pF 
pF 
1. Typical limits are at Voc = 5.0V and Ta = +25°C. 


2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has 
been chosen to avoid test problems caused by tester ground degradation. 

4. These parameters are not 100% tested, but are periodically sampled. 


Voc = +5V 
Vin = 2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 
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Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, a — 20002, Ro = 390Q 


SYMBOL PARAMETER 


[a [omnes [owe [wees [acme [fu ff 
tex | Ouputdsabe ase | | | | a | 
ee 


: Typical limits are at Voc = 5.0V and Ta = +25°C. 
2 tpp is tested with switch S; closed and C, = 50pF. 
3. For 3—State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, . S5pF. High—to-High impedance tests are made to an output 
voltage of Voy = —0.5V with S; open, and Low-to—High impedance tests are made to the Vo, = +0.5V level with S; closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all SYMBOL PARAMETER 


fusible links open, such that: 
Input to output propagation 
delay. 


1. All outputs are enabled. 
Input to output disable 


(3—State) delay (Output 
Disable). 


tea Input to Output Enable 
delay (Output Enable). 


2. All p-terms are enabled in the AND array. 


TIMING DIAGRAM 


INPUTS, VO 


carers ROO 


WK) 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUSTBE WILL BE ANY CHANGE STATE. 
STEADY STEADY 
PERMITTED UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Programmable AND Array Logic (16 x 64 x 8) 


PLHS16L8A/B 


AC TEST LOAD CIRCUIT 


NOTE: 
C; and Co are to bypass Vcc to GND. 


LOGIC PROGRAMMING 
PLHS16L8A/B logic designs can be generated 
using any commercially available, JEDEC 
standard design software that supports the 
16L8 architecture. No JEDEC fuse map con- 
version or translation is necessary when using 
the PLHS16L8A/B. 


“AND” ARRAY - (1, B) 


NOTE: 
1. This is the initial state of all diodes pairs. 


PLHS16L8A/B designs can also be generated 
using the program table format, detailed on the 
following page. This program table entry (PTE) 
format is supported on the Signetics AMAZE 
PLD design software. AMAZE is available free 
of charge to qualified users. 


VOLTAGE WAVEFORMS 


10% 
eH 


coef ean 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


To implement the desired logic functions, each 
logic variable (I, B, P and D) from the logic 
equations is assigned a symbol. TRUE (High), 
COMPLEMENT (Low), DON’T CARE and 
INACTIVE symbols are defined below. 


P,D 


[stare cove] 
[wont cane | - | 


2. All unused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p—term must be 


programmed). 
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CUSTOMER NAME 


4 Bl) a 
NOT | NOTUSED | 
DON'T | DON'T CARE| - | 


NOTES: 


1. The FPLA is shipped with all links open. 

2. Unused | and B bits in the AND array exist as Don't 
Care (-) in the virgin state. 

3. All pterms are active until programmed otherwise. 

4. All unused product terms must be programmed with 

all i 8 of fuses in the INACTIVE state (all fuses 


PURCHASE ORDER # 


SIGNETICS DEVICE # CF (XXXX) 
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CUSTOMER SYMBOLIZED PART # 
on an unused p-term must be programmed). 
5. Data cannot be entered into the OR arra' ee jakd due 
‘0 the fixed nature of the device architectur 
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PROGRAM TABLE # 
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FEATURES 
© Ultra high-speed 
—tpp = 7.5ns and fyax = 74MHz for 
the PLUS16R8-7 Series 


— tpp = 10ns and fyax = 60 MHz for 
the PLUS16R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 
20-pin PAL ICs 


© Power-up reset function to enhance 
state machine design and testabil- 


ity 


© Design support provided via 
AMAZE and other CAD tools for 
Series 20 PAL devices 


© Field-programmable on industry 
standard programmers 


® Security fuse 


@ Individual 3-State control of all 
outputs 


DEVICE NUMBER 


PLUS16R8 
PLUS16R6 
PLUS16R4 


® 


DEDICATED 


PLUS16R8D/—7 SERIES 
PAL®—Type Devices 


16L8, 16R8, 16R6, 


DESCRIPTION 

The Signetics PLUS16XX family consists 
of ultra high-speed 7.5ns and 10ns ver- 
sions of Series 20 PAL devices. 


The PLUS16XxX family is 100% functional 
and pin-compatible with the 16L8, 16R8, 
16R6, and 16R4 Series devices. 


The sum of products (AND-OR) architec- 
ture is comprised of 64 programmable 
AND gates and 8 fixed OR gates. Multiple 
bidirectional pins provide variable input/ 
output pin ratios. Individual 3-State control 
of all outputs and registers with feedback 
(R8, R6, R4) is also provided. Proprietary 
designs can be protected by programming 
the security fuse. 


The PLUS16R8, R6, and R4 have D-type 
flip-flops which are loaded on the 
Low-to-High transition of the clock input. 


In order to facilitate state machine design 
and testing, a power-up reset function has 
been incorporated into these devices to 


OUTPUTS 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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COMBINATORIAL 


16R4 


resetall internal registers to active-Low af- 
ter a specific period of time. 


The Signetics State-of-the-Art oxide isola- 
tion Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS16XX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified pro- 
grammers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS16XX series as well as other 
PLD devices from Signetics. The 
PLUS16XX series are also supported by 
other standard CAD tools for PAL-type de- 
vices. 


Order codes are listed in the Ordering 
Information table. 


REGISTERED 
OUTPUTS 
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PAL—Type Devices 


16L8, 16R8, 16R6, 16R4 


PIN CONFIGURATIONS 


SYMBOL 


PLUS16L8 


ETT 


CD15280S 


PLUS16L8 


lg GND Ig Op 3 


CD15270S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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PLUS16R8 
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Illes 


CD15310S 


PLUS16R8 


7 CLK Vo¢ ° 


- ano 
OR OUTPUTS 


- ARRAY 


1, GND S Q = 


CD15260S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 
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PLUS16R8D/-7 SERIES 


Signetics Programmable Logic Devices 


PAL—Type Devices 
16L8, 16R8, 16R6, 16R4 


PIN CONFIGURATIONS 
PLUS16R6 
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PLUS16R6 


I) CLK te “ 


|, GND OE By 2 


CD15250S 


SYMBOL DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/output) 
Clock input 
Output Enable 
Supply Voltage 
Ground 
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PLUS16R4 


PLUS16R4 


Ib CLK Vo¢ “ 


ie = OE By 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 


48 


Product Specification 


PLUS16R8D/-7 SERIES 


Product Specification 
PLUS16L8 


PLUS16R8D/-—7 SERIES 


, 16R6, 16R4 


PAL—Type Devices 
16L8, 16R8 
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LOGIC DIAGRAM 
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Programmable connections. 
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. All unprogrammed or virgin “AND* gate locations are pulled to logic "0". 


NOTES: 
1 
2. 
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PLUS16R8 


PLUS16R8D/-—7 SERIES 


16R6, 16R4 


PAL—Type Devices 
16L8, 16R8 


Signetics Programmable Logic Devices 


LOGIC DIAGRAM 
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Programmable connections. 


lz | 9| 


(e9-0) SWH3L LONGOUd 


. All unprogrammed or virgin "AND" gate locations are pulled to logic "0". 


NOTES: 
1 
2. 
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Product Specification 
PLUS16R6 


PLUS16R8D/—7 SERIES 


16R6, 16R4 


PAL—Type Devices 
16L8, 16R8 
LOGIC DIAGRAM 


Signetics Programmable Logic Devices 
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Programmable connections. 
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Is 
. All unprogrammed or virgin “AND* gate locations are pulled to logic "0". 


NOTES: 
1 
2: 
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Signetics Programmable Logic Devices Product Specification 


PAL—Type Devices = 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 SERIES 


LOGIC DIAGRAM PLUS16R4 
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INPUTS (0-31) 


NOTES: 
1. All unprogrammed or virgin “AND” gate locations are pulled to logic "0". 
2 ~ Programmable connections. 
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Signetics Programmable Logic Devices 


Product Specification 


PAL—Type Devices 
16L8, 16R8, 16R6, 16R4 


FUNCTIONAL DESCRIPTIONS 

The PLUS16XX series utilizes the familiar 
sum—of—products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI inte- 
grated circuits to reduce package count and 
board area occupancy, consequently improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be pro- 
tected from duplication. 


The PLUS16XX series consists of four PAL— 
type devices. Depending on the particular de- 
vice type, there are a variable number of 
combinatorial and registered outputs available 
to the designer. The PLUS16L8 is a combinato- 
rial part with 8 user configurable outputs (6 bi- 
directional), while the other three devices, 
PLUS16R8, PLUS16R6, PLUS16R4, have 
respectively 8, 6, and 4 output registers. 


3—State Outputs 

The PLUS16XX series devices also feature 
3—State output buffers on each output pin which 
can be programmed for individual control of all 
outputs. The registered outputs (Qn) are con- 
trolled by an external input (/OE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


AND ARRAY - (I, B) 


STATE CODE 
Inactive? | O | 


VIRGIN STATE 


A factory shipped virgin device contains all fus- 
ible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


November 14, 1989 


Programmable Bidirectional Pins 
The PLUS16XX products feature variable 
Input/Output ratios. In addition to 8 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually pro- 
grammedas an inputor output. The PLUS16L8 
provides 10 dedicated inputs and 6 Bidirection- 
al I/O lines that can be individually configured 
as inputs or outputs. 


Output Registers 

The PLUS16R8 has 8 output registers, the 
16R6 has 6, and the 16R4 has 4. Each output 
register is a D-type flip-flop which is loaded on 
the Low—to—High transition of the clock input. 
These output registers are capable of feeding 
the outputs of the registers back into the array 
to facilitate design of synchronous state ma- 
chines. 


Power-up Reset 

By resetting all flipflops to a logic Low, as the 
power is turned on, the PLUS16R8, R6, R4 en- 
hance state machine design and initialization 
capability. 


Software Support 
Like other Programmable Logic Devices from 
Signetics, the PLUS16XX series are supported 
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PLUS16R8D/-7 SERIES 


by AMAZE, the PC-based software develop- 
ment tool from Signetics. The PLUS16XX fami- 
ly of devices are also supported by standard 
CAD tools for PAL devices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

Logic designs for PLUS16XX series can be 
generated using any commercially available 
JEDEC standard design software that supports 
the 20—pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 20—pin PAL 
devices. 


To implement the desired logic functions, each 
logic variable from the logic equations is as- 
signed a symbol. True (High), Complement 
(Low), Don't Care and Inactive symbols are de- 
fined below. 


/—pontcane | - | 


Signetics Programmable Logic Devices Product Specification 


PAL—Type Devices PLUS16R8D/-7 SERIES 
16L8, 16R8, 16R6, 16R4 
ORDERING INFORMATION THERMAL RATINGS 
ane 
20—Pin Plastic Dual—In—Line PLUS16L8DN . 
rae Allowable thermal rise r 
ali epoieegelt ambient to junction 
PLUS 16R4—7N 


PLUS16L8—7N 


PLUS16R8DA 
PLUS16R6DA 
PLUS16R4DA 

PLUS16L8DA 

PLUS16R8—7A 
PLUS16R6—7A 
PLUS16R4—7A 
PLUS16L8—7A 


20—Pin Plastic Leaded Chip Carrier 
(PLCC) 


NOTE: 
The PLUS16XxX series of devices are also processed to military requirements for operation over 


the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER | Min | 


a 


Output currents a: 
Storage temperature range 


NOTE: 
1. .Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 


cated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER | Max UNIT 
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Signetics Programmable Logic Devices Product Specification 


PAL—Type Devices 


16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES 


DC ELECTRICAL CHARACTERISTICS 0°c <« Ta < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS } Min | Typt | Max UNIT 


Input voltage? 


Vit Low Voc = Min V 
Vin High Voc = Max 2.0 V 
Vic Clamp Voc = Min, lin =-18mA —0.8 V 


Output voltage 


Voc = Min, VIN = Vin or Vit 
lo. = 24mA 
lon =-3.2mA 


Vcc = Max 
Low? Vin = 0.40V 
High? Vn =2.7V 


Maximum input current Vin = Voc = Vocmax 


Output leakage 
Output leakage 


Short circuit*: > 
a 
Capacitance® 
Cin Input Voc = 5V 
Gy /O (B) Vout = 2V, f = 1MHz 
NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Leakage current for bidirectional pins is the worst case of |, and loz, or |yy and Iozp. 
Test one at a time. 

Duration of short circuit should not exceed 1 second. 

These parameters are not 100% tested but periodically sampled. 


Ca eee = 
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PAL—Type Devices : 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 SERIES 


AC ELECTRICAL CHARACTERISTICS R, = 200Q, Rp = 3909, 0°C < Ty < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER To a a UNIT 
| Mint | Max | Mint | Max | 


Pulse Width 


Poet it oe df mes 


CK+ 
CK+ 
Input or 


Propagation delay 
a 
Output (20L8, R6, R4)? | Output | 
a 
fe. 


oma key 
mE: 
QO}; O 


oy 
5 

° 
pt 


oy 
bad 


REF EE 


Output enable4 


oy 
Ny 


Frequency (20R8, R6, R4) 

No feedback 1/ (tex, + texy)® | 100 | ae 

Internal feedback 1/ (tis + texe)® re oe MHz 
| | 


Output disable‘ | OE Output disable 


External feedback 1/ (tis + texo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

1. CL =OpF while measuring minimum output delays. 

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vjy = 3V, Vi, = OV, Von = Vor = 1.5V. 

3. tcxe was calculated from measured Internal fax. 

4. In reference to 3—State outputs, output enable times are tested with CL = 50pF to the 2.0V or 0.8V level. Output disable times are tested with 
CL = 5pF. High to High—impedence tests are made to an output voltage of V7 = Voy—0.5V; Low to High-impedence tests are made to the 
Vr = Vo_+0.5V level. 

Same function as tog; and top;, with the difference of using product term control. 


6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


* 


n 
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PAL—Type Devices 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/—7 SERIES 


TEST LOAD CIRCUIT 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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Signetics Programmable Logic Devices Product Specification 


PAL—Type Devices = 
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES 


TIMING DIAGRAMS! 2 TIMING DEFINITIONS 


SYMBOL PARAMETER 
wupsites (sv 1.5V Width of input clock pulse. 
tcoKL Interval between clock pulses. 
" ~ [tox | 


Clock period. 


CK 1.5V 1.5V Required delay between be- 


ginning of valid input and posi- 


tCKH ‘CKL tive transition of clock. 


‘CK 


4s 
(REGISTERED INN NNN Ne 0 oy ~~ 


tcKO 


en 


Flip-Flop Outputs 


Required delay between posi- 
tive transition of clock and end 
of valid input data. 


Delay between positive trans- 
ition of clock and when internal 
Q output of flip-flop becomes 
valid. 


1.5V 


Delay between positive trans- 
ition of clock and when outputs 
become valid (with OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


(INPUTS) Delay between beginning of 
Output Enable High and when 


outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and when 
combinational outputs become 
valid. 


0,B 
(COMBINATORIAL 
OUTPUTS) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


,B 
(OUTPUT 
ENABLE) 


Delay between Vcc (after pow- 
er—on) and when flip-flop out- 
puts become preset at “1” (in- 
ternal Q outputs at “O”). 


Gate Outputs 


Propagation delay between 
combinational inputs and out- 
puts. 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
1/(teKL + teKH). 

Internal feedback: Deter- 
mined by the internal delay 
from flip-flop outputs through 


Q 
(REGISTERED 
OUTPUTS) 


the internal feedback and array 
to the flip—flop inputs, 1/(tis + 
tcxF). 

External feedback: Deter- 
mined by  clock-to—output 
delay and input setup time, 


1/(tis + texo). 


1,B 
(INPUTS) 


'cK 'CKL 
aidici NOTES: 
1. Input pulse amplitude is OV to 3V. 
Power—Up Reset 2. Input rise and fall times are 2.5ns. 


November 14, 1989 58 


Signetics Programmable Logic Devices Preliminary Specification 


Programmable High-Speed ee 
Decoder Logic (16 x 16 x 8) 6N8—-5 


LOGIC DIAGRAM 


amilimn LESS sli 
Son 
rt 


TTT 
ARATE SR Te 
HT TAT ee 


“HOUT ATTA 
SUNT Coch 
SC Ct a 


Cl ae? 


NOTES: 
1. All unprogrammed or virgin “AND” gate locations are pulled to logic “0” 
2 Programmable connections 
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Programmable High-Speed PHD16N8—5 
Decoder Logic (16 x 16 x 8) 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION THERMAL RATINGS 
20—Pin Plastic Dual In Line Package; (300mil-wide) 
20—Pin Plastic Leaded Chip Carrier; (350mil square) 


Allowable thermal rise ‘ 
ambient to junction 75°C 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER UNIT 


ain Te 
vec | Smevwotage «dC 
a 
Cr 
a 
— 
Tee 
=a 


Output currents 
LT | Operating temperature range 
Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
SYMBOL | PARAMETER a 


October 1989 62 


Signetics Programmable Logic Devices Preliminary Specification 


Programmable High-Speed PHD16N8_5 
Decoder Logic (16 x 16 x 8) 


DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75 < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS | Min | Typt | Max UNIT 


Input voltage? 

Vit Low Voc = MIN 

Vin High Voc = MAX 

Vic Clamp Voc = MIN, lin =—-18MA 
Output voltage 


Voc = MIN, Vin = Vin or Vit 
VoL Low lot = +24mA 
Vou High lon =-—3.2mA 
Voc = MAX 
Ne Low Vin = +0.40V 
hw High VIN = +2.7V 
I High Vin = Vec = Vec max 


Output current 


Voc = MAX 


lozH Output leakage 3 Vout = +2.7V 100 LA 
ie Output leakage Vout = +0.40V —100 LLA 
Short circuit 4 Vout = OV —90 mA 


ee 2 


Capacitance 


Cin Input 
Cout VO (B) 


NOTES: 


Typical limits are at Voc = 5.0V and Ta = +25°C. 

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
Leakage current for bidirectional pins is the worst case of |, and Ioz, or Ij and Iozy. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
These parameters are not 100% tested, but are periodically sampled. 


Vcc = +5V 
Vin = 2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 


aS op 
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Programmable High-Speed PHD16N8—5 
Decoder Logic (16 x 16 x 8) 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, Ry = 200Q, Rz = 3900 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITIONS 


| tog | Output Disable (1, B) + Input disable C, = 5pF Pt 
NOTES: 
by 


tpp is tested with switch S; closed and C, = 50pF. 

2. For 3—State output; output enable times are tested with C, = 50pF to the 1.5V level, and S; is open for high4mpedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High—to—High impedance tests are made to an out- 
put voltage of V7 = Voy — 0.5V with S; open, and Low-to—High impedance tests are made to the V7 = Vo, + 0.5V level with S, closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all SYMBOL PARAMETER 


fusible links open, such that: 
Input to output propagation 
pp delay. 


1. All outputs are disabled. 


2. All p-terms are disabled in the AND array. input to Output Disable 


(3—State) delay (Output 
Disable). 


Input to Output Enable 
delay (Output Enable). 


£ 

i 
5 
ra) 
& 
= 
S 
a 
fe) 
a 


TEST CONDITIONS: Ta = 75°C; 
Voc = 4.75V; CL = 50pF; 
Ry = 2002; Ro = 3902 


Worst-Case Propagation Delay vs. 
Number of Outputs Switching 


TIMING DIAGRAM 


INPUTS, I/O 


COO O00 WSS 2Z4/ 
Ns, CD 7777 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE DON'T CARE; CHANGING; 
STEADY STEADY ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Signetics Programmable Logic Devices 


Programmable High-Speed 
Decoder Logic (16 x 16 x 8) 


Preliminary Specification 


PHD16N8—5 


AC TEST LOAD CIRCUIT 


LOGIC PROGRAMMING 

PHD16N8-—S logic designs can be generated PHD16N8—5 designs can also be generated 

using any commercially available, JEDEC using the program table format, detailed on the 

standard design software. following page. This program table entry (PTE) 
format is supported on the Signetics AMAZE 
PLD design software. AMAZE is available free 
of charge to qualified users. 


“AND” ARRAY - (I, B) 


COMPLEMENT 


NOTE: 
1. This is the initial state. 
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VOLTAGE WAVEFORMS 


TE =f 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


input Pulses 


To implement the desired logic functions, each 
logic variable (I, B, P and D) from the logic 
equations is assigned a symbol. TRUE (High), 
COMPLEMENT (Low), DON’T CARE and IN- 
ACTIVE symbols are defined below. 


P,D 


ee 
[ponteane [ - 


PHD16N8—5 


Preliminary Specification 


Programmable High-Speed 
Decoder Logic (16 x 16 x 8) 


Signetics Programmable Logic Devices 
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INPUTS (B) 


pote dr |e] siafs] 2] sto] e] s/ Js] 2 


INPUT (1) 
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31V07 


icf ss 

~ 

i . 
~ 


2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state. 
4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture. 


3. All p-terms are inactive until programmed otherwise. 


1. The PHD16N8-5 is shipped with all links intact. 


NOTES: 


# F1GVL NVYEDOdd 


LuVd 40 YAEWNN IWLOL 
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PROGRAM TABLE 
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Programmable High-Speed PHD16N8_5 
Decoder Logic (16 x 16 x 8) 


DECODING 1/2 MEG STATIC MEMORY 
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Signetics 


ECN No. 


Status 


DESCRIPTION 

The PLHS18P8A and the PLHS18P8B 
are two-level logic elements consisting of 
72 AND gates and 8 OR gates with fusible 
connections for programming I/O polarity 


and direction. 


All AND gates are linked to 10 inputs (I) 
and 8 bidirectional I/O lines (B). These 
yield variable I/O gate configurations via 8 
direction control gates, ranging from 18 
inputs to 8 outputs. 


On-chip T/C buffers couple either True 
(1, B) cor Complement (I, B) input polarities 
to all AND gates. The 72 AND gates are 
separated into 8 groups of 9 each. Each 
group of 9 is associated with one bidirec- 
tional pin. In each group, eight of the AND 
terms are ORed together, while the ninth 
is used to establish I/O direction. All out- 
puts are individually programmable via an 
Ex—OR gate to allow implementation of 
AND/OR or NAND/NOR logic functions. 


In the virgin state, the AND array fuses are 
back-to-back CB-EB diode pairs which 
will act as open connections. Current is 
avalanched across individual diode pairs 
during fusing, which essentially short cir- 
cuits the EB diode and provides the con- 
nection for the associated product term. 


The PLHS18P8A/B is _ field-program- 
mable, allowing the user to quickly gener- 
ate custom patterns using standard 
programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


Document No. 
Date of Issue 


PLHS18P8A/B 
PAL®-Type Devices 


FEATURES 


e “A” version 100% functionally 
compatible with AmPAL18P8A and 
all 16L8, 16P8, 16H8, 16L2, 16H2, 
14L4, 14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 “A” speed 
PAL-type products 


e “B” version 100% functionally 
compatible with AmPAL18P8B and 
all 16L8, 16P8, 16H8, 16L2, 16H2, 
14L4, 14H4, 12L6, 12H6, 10L8, 10H8, 
16LD8 and 16HD8 “B” speed 
PAL-type products 


© Field-programmable 
@ 10 inputs 
© 8 bidirectional I/O lines 


e@ 72 AND gates/product terms 


— configured into eight groups of 
nine 


© Programmable output polarity 
(3-State output) 


© I/O propagation delay: 
— PLHS18P8A: 20ns (max) 
— PLHS18P8B: 15ns (max) 


@ Power dissipation: 5010mW (typ) 
© TTL compatible 


® Security fuse 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 
N Package 


A Package 


lo Vcc B7 


Ig GND Ig Bo By 


APPLICATIONS 


® 100% functional replacement for all 
20-pin combinatorial PAL devices 


e Random logic 

® Code converters 

© Fault detectors 

® Function generators 
e Address mapping 

@ Multiplexing 


PHILIPS 


Product Specification 


Signetics Programmable Logic Devices 


PLHS18P8A/B 


PAL-Type Devices 


INPUTS (0-35) 


Programmable connections. 
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FPLA LOGIC DIAGRAM 


NOTES: 
2. 
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Signetics Programmable Logic Devices Product Specification 


PAL-Type Devices PLHS18P8A/B 


FUNCTIONAL DIAGRAM 


LOGIC TERMS 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 


20—Pin Plastic Dual In—Line (300mil-wide) PLHS18P8AN, PLHS18P8BN 
° . ° 
20-Pin Plastic Leaded Chip Carrier PLHS18P8AA, PLHS18P8BA 


Allowable thermal rise 75°C 
ambient to junction 


ABSOLUTE MAXIMUM RATINGS! 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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PAL-Type Devices PLHS18P8A/B 


DC ELECTRICAL CHARACTERISTICS 0°C < Tg < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS PLHS18P8A PLHS18P8B UNIT 
| min] Tye | Max | in | Typt | Max | 


Input voltage? 


Vi Low Voc = MIN 
Vi High Voc = MAX 
Vic Clamp Voc = MIN, lin =-18mA 


Output voltage 


Voc = MIN, Vin = Vi OF Vit 
Vor Low lot = +24mA 
Vou High lou =-3.2mA 


Voc = MAX 
I Low Vin = +0.40V 
V4 High Vin = +2.7V 
I; High Vin = +5.5V 


Output current 


Voc = MAX, Vi, = 0.8V, Vay = 2.0V 
lozH Output leakage Vout = +2.7V 


loz. Output leakage Vout = +0.40V 
Short circuit 3 Vout = +0.5V 


los 


Capacitance* 
Voc = +5V 
Vin = 2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 


NOTES: 


1. Typical limits are at Voc = 5.0V and Ta = +25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy = 0.5V has 
been chosen to avoid-test problems caused by tester ground degradation. 

4. These parameters are not 100% tested, but are periodically sampled. 
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PAL-Type Devices PLHS18P8A/B 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, R; = 200Q, Ro = 3900 


SYMBOL PARAMETER 


yg ae 
‘ Typical limits are at Vocg = 5.0V and Ta = +25°C. 
: tpp is tested with switch S; closed and C, = 50pF. 
3. For 3—State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and 


closed for high-impedance to Low tests. Output disable times are tested with C, . 5pF. High—to—-High impedance tests are made to an output 
voltage of Voy = —0.5V with S; open, and Low-to—High impedance tests are made to the Vo, = +0.5V level with S; closed. 


VIRGIN STATE TIMING DEFINITIONS 
A factory shipped virgin device contains all [PARAMETER | 
fusible links open, such that: PARAMETER 


1. All outputs are at “H” polarity. aE ey to output propagation 
Input to output disable 
(3—State) delay (Output 
Disable). 


2. All outputs are enabled. 


3. All p-terms are enabled. 


Input to Output Enable 
delay (Output Enable). 


TIMING DIAGRAM 


INPUTS, I/O 


OUTPUTS XOX XK 


KKK 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


wsrge ul ae cewecie:guawan 
STEADY STEADY 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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AC TEST LOAD CIRCUIT 


NOTE: 
Cy and Co are to bypass Voc to GND. 


LOGIC PROGRAMMING 
PLHS18P8A/B logic designs can be generated 
using Signetics’ AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLHS18P8A/B logic designs can also be gen- 
erated using the program table format detailed 
on the following pages. This program table 
entry (PTE) format is supported by the 
Signetics’ AMAZE PLD design software (PTP 
module). AMAZE is available free of charge to 
qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The 
symbols for TRUE, COMPLEMENT, _IN- 
ACTIVE, PRESET, etc., are defined below. 


“AND” ARRAY - (I, B) 


INACTIVE? 


NOTE: 
1. This is the initial state of all link pairs. 


VOLTAGE WAVEFORMS 


OUTPUTS 
MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


[ACTIVE LEVEL [CODE] 
ee 


[pontecare™ | - | 


2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p—term must be 


programmed). 
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6861 ‘91 48qR9O 


pl 


CUSTOMER NAME 


SS ee NOTES: 
1. The FPLA Is shipped with ail links open. 


PURCHASE ORDER # 
SIGNETICS DEVICE # 


Care (-) in the virgin state. 


CF (XXXX) 


on an unused p-term must be programmed). 
5. Data cannot be entered into the OR array field d 
to the fixed nature of the device architecture. 


TOTAL NUMBER OF PARTS__ 
PROGRAM TABLE # 


| [onecron [6 
| [ACTIVE our 
| [wor vseo 7 


REV DATE 


spuscuceupeasesans prasesert memmmmetemmen cemtmetertett meee 
SERRA BREEDS P ER EEE RS 
AAA AAA itd a Sade NUNN ON EURO 


AARAAAARAAANS AM ata Pe eee RRIAR aN a ‘i iN UNAS 


Ni 
SIO NAN SARA \AAAAAAAAAAAAAAAAN 
NANA RANE Sea DERRRIRNRE ARK KAA ANIA RAR AAAI AAA AK AAR RAR AEE 
SESS SASSER RAIA NA AAAAAAAA AAAI ABA AAA AAA AAIAABAAARARA AAR AAA 


~ 
™N 


2. Unused | and B bits in the AND array exist as Don't 


3. All perms are active until programmed otherwise. 
4. All unused product terms must be programmed with 


CUSTOMER SYMBOLIZED PART#_ ss pm me ee all pairs of fuses in the INACTIVE state (all fuses 


ue 


VARIABLE 
NAME zumeH 


ALINV10d 


4a1aVl NVYSOud 


S8dIA0g adAL- Wd 


€g/V8d8lLSH 1d 
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Signetics 


PLC18V8Z35/PLC18V8ZI 
Zero Standby Power 


Universal PAL®-type Devices 


DESCRIPTION 

The PLC18V8Z35 and PLC 18V8ZI are univer- 
sal PAL-type devices featuring high perform- 
ance and virtually zero-standby power for 
power sensitive applications. They are reliable, 
user-configurable substitutes for discrete TTL/ 
CMOS logic. While compatible with TTL and 
HCT logic, the PLC 18V8ZI can also replace HC 
logic over the Vcc range of 4.5 to 5.5V. 


The PLC18V8Z is a two-level logic element 
comprised of 10 inputs, 74 AND gates (product 
terms) and 8 output Macro cells. 


Each output features an “Output Macro Cell” 
which can be individually configured as a dedi- 
cated input, a combinatorial output, or a regis- 
tered output with internal feedback. As a result, 
the PLC 18V8Z is capable of emulating all com- 
mon 20-pin PAL devices to reduce documenta- 
tion, inventory, and manufacturing costs. 


A power-up reset function and a Register Pre- 
load function have been incorporated in the 
PLC18V8Z architecture to facilitate state ma- 
chine design and testing. 


With a standby current of less than 100LA and 
active power consumption of 1.5mA/MHz, the 
PLC18V8Z is ideally suited for power sensitive 
applications in battery operated/backed porta- 
ble instruments and computers. 


The PLC 18V8Z is also processed to industrial 
requirements for operation over an extended 
temperature range of -40°C to +85°C and sup- 
ply voltage of 4.5V to 5.5V. 


Ordering information can be found in the 
Ordering Information table. 


FEATURES 


@ 20-pin Universal Programmable Array 
Logic 


@ Virtually Zero-Standby-power 


® Functional replacement for Series 20 
PAL devices 
- lo = 24mA 

© High-performance CMOS EPROM cell 
technology 
- Erasable 
— Reconfigurable 
— 100% testable 


© 35ns Max propagation delay (comm) 
© 40ns Max propagation delay (Industrial) 


Up to 18 inputs and 8 input/output 
macro cells 


@ Programmable output polarity 


© Power-up reset on all registers 


Register Preload capability 


e Synchronous Preset/Asynchronous 
Reset 


® Security fuse to prevent duplication of 
proprietary designs 


¢ Design support provided using AMAZE 
software development package and 
other CAD tools for PLDs 


@ Available in 300mil-wide DIP with quartz 
window, plastic DIP (OTP) or PLCC 
(OTP) 


APPLICATIONS 


e Battery powered instruments 
e Laptop and pocket computers 
@ Industrial control 

® Medical Instruments 


® Portable communications equipment 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 


N and FA Packages 


N = Plastic 
FA = Ceramic with Quartz Window 


A Package 


lo/ 
ly CLKVcc F7 


lg GND Ig/ Fo Fy 
OE 
A = Plastic Leaded Chip Carrier 


PIN LABEL DESCRIPTIONS 
Dedicated input 
Bidirectional input/output 


(D-type flip-flop) 
ND 


PHILIPS 


fication 
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ee A 
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Denotes a programmable call location. 


Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and 


DE functions are disabled. 
All output macro cells (OMC) are configured as bidirectional I/O, with the outputs disabled via the 


direction term. 


tj 
z 
9 
gj 
ey 
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ot 
e] 
eC} 
94 
gf 
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+ 


All AND gate locations are pulled to a logic "0" (Low). 


In the unprogrammed or virgin state: 
All celis are in a conductive state. 
Output polarity is inverting. 


NOTES: 


LOGIC DIAGRAM 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 


16R4 
16RP4 
CLK 


The Signetics state-of-the-art Floating-Gate 
CMOS EPROM process yields _ bipolar 
equivalent performance at less than one-quar- 
ter the power consumption. The erasable na- 
ture of the EPROM process enables Signetics 
to functionally test the devices prior to shipment 


OUTPUT MACRO CELL (OMC) 


=D 


Xin) “F 


OUTPUT 


= POLARITY 
CONTROL 


NOTE: 
& @8 a programmable ceil location. 
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to the customer. Additionally, this allows 
Signetics to extensively stress test, as well as 
ensure the threshold voltage of each individual 
EPROM cell. 100% programming yield is sub- 
sequently guaranteed. 


FROM AND 


oe A TO ALL OMCs 
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FUNCTIONAL DIAGRAM 


36 ROWS X 72 COLUMNS 
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THE OUTPUT MACRO CELL 
(OMC) 

The PLC 18V8Z series devices have 8 individu- 
ally programmable Output Macro Cells. The 72 
AND inputs (or product terms) from the pro- 
grammable AND array are connected to the 8 
OMCs in groups of 9. Eight of the AND terms 
are dedicated to logic functions; the ninth is for 
asynchronous~ direction control, which 
enables/disables the respective bidirectional 
I/O pin. Two product terms are dedicated for 
the Synchronous Preset and Asynchronous 
Reset functions. 


Each OMC can be independently programmed 
via 16 architecture control bits, AC1, andAC2, 
(one pair per macro cell). Similarly, each OMC 
has a programmable output polarity control bit 
(Xn). By configuring the pair of architecture 
control bits according to the configuration cell 
table, 4 different configurations may be im- 
plemented. Note that the configuration cell is 
automatically programmed based on the OMC 
configuration. 


DESIGN SECURITY 

The PLC18V8Z series devices have a pro- 
grammable security fuse that controls the ac- 
cess to the data programmed in the device. By 
using this programmable feature, proprietary 
designs implemented in the device cannot be 
copied or retrieved. 
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CONFIGURATION CELL 

A single configuration cell controls the func- 
tions of Pins 1 and 11. Refer to Functional 
Diagram. When the configuration cell is pro- 
grammed, Pin 1 is a dedicated clock and Pin 11 
is dedicated for output enable. When the con- 
figuration cell is unprogrammed, Pins 1 and 11 
are both dedicated inputs. Note that the output 


Registered mode 


NOTE: 


enable for all registered OMCs is common— 
from Pin 11 only. Output enable control of the 
bidirectional 1/O OMCs is provided from the 
AND array via the direction product term. 


If any one OMC is configured as registered, the 
configuration cell will be automatically confi- 
gured (via the design software) to ensure that 
the clock and output enable functions are en- 


CONTROL CELL CONFIGURATIONS 
Dedicated clock from Pin 1. OE Control 
Bidirectional I/O mode’ Unprogrammed Unprogrammed Unprogrammed SS cteeoieel tae Abarat nn 


Fixed input mode Unprogrammed Unprogrammed Pins 1 and 11 are dedicated inputs. 


Fixed output mode Unprogrammed Unprogrammed 


3. This is the virgin state as shipped from the factory. 


ARCHITECTURE CONTROL—AC1 and AC2 


OMC CONFIGURATION | CODE | 
REGISTERED (D-TYPE) pop 


OMC CONFIGURATION | CODE | 


NOTE: 


F(B), F (B) 


OMC CONFIGURATION 


BIDIRECTIONAL 1/0! 
COMBINATORIAL 


F{D), F (D) 


CONFIGURATION CELL 


PIN 1 = CLK 
PIN 11 = OE 


A factory shipped unprogrammed device is configured such that: 


Output polanity is inverting. 


Caron 


This is the initial unprogrammed state. All cells are in a conductive state. 
All AND gates are pulled to a logic “O” (Low). 


Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled. 
All Output Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term. 
This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured 


abled on Pins 1 and 11, respectively. If none of 
the OMCs are registered, the configuration cell 
will be programmed such that Pins 1 and 11 are 
dedicated inputs. The programming codes are 
as follows: 


Pin 1 = CLK, Pin 11 = OE 
Pin 1 and Pin 11 = Input | H | 


Pins 1 and 11 are dedicated inputs. The 
feedback path (via Fyyyx) is disabled. 


Ss 
=) » f>o— F(O), F (0) 


OMC CONFIGURATION CODE 


FIXED OUTPUT po 


CONFIGURATION CELL CODE 


PIN 1 = INPUT Ho 
PIN 11 = INPUT 


to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed as registered. 
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ORDERING INFORMATION 


DESCRIPTION OPERATING CONDITIONS ORDER CODE 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


SYMBOL PARAMETER RATINGS UNIT TEMPERATURE 


fr a 


Output currents 


| Ouiputcurents Tm 
Operating temperature range os pe linear 
Storage temperature range -65 to +150 


NOTE: 

1. Stresses above those listed may cause malfuncion or permanent damage to the device. This 
is a Stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


+ 5% Power Supplies 


20—Pin Plastic Leaded Chip Carrier 
350mil square (tpp = 35ns) 

20—Pin Plastic Dual In—Line Package 
300mil-wide (tpp = 40ns) 


Industrial 
Temperature Range 


+ 10% Power Supplies 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+3.0V— — — — 


FROM OUTPUT 


( ) 
UNDER TEST TEST POINT 
R2 = 3902 7 i 


*C,_ INCLUDES JIG AND PROBE TOTAL 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of inputs and outputs, unless otherwise specified. 


Input Pulses 


Test Load Circuit 
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DC ELECTRICAL CHARACTERISTICS Commercial = 0°C < Ta < +75°C, 4.75V < Voc < 5.25V; 
Industrial = —40°C < Ta < +85°C, 4.5V < Vcc < 5.5V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION Typ’? | Max | UNIT 


Input voltage 
: 03 


Output voltage? 


Low Voc = Min, lot = 201A 0.100 V 
Voc = Min, Io, = 24mA 0.500 V 
bee) 


< 
r= 
to 
° 


F 
= 


< 
8 
ee 
(2) 
w 


< 
G 


, Voc = Min, lou =-3.2mA 
Vou nigh Voc = Min, lou = —20LA 


Low? Vin = GND 


Vout = V 
| Hi-Z state OUT = “CC 
loc Voc supply current (Standby) Voc = Max, Vin = 0 or Voc ® 


Voc supply current (Active)* Voc = Max (CMOS inputs)* § 


Vin = 2.0V 
B VO Vp = 2.0V 
NOTES: 
. All typical values are at Voc = 5V, Ta = +25°C. 
. All voltage values are with respect to network ground terminal. 
. Duration of short-circuit should not exceed one second. Test one at a time. 
. Tested with TTL input levels: V), = 0.45V, Vj, = 2.4V. Measured with all outputs switching. 
Alcc/TTL input = 2mA. 
. Alec vs frequency (registered configuration) = 2mA/MHz. 
. | for Pin 1 (Ip/CLK) is + 10,1A with Viy = 0.4V. 
. Vw includes CLK and OE if applicable. 


mF 


; 
3 
: 
> 


Capacitance 


2 


ia 
ae) 
Ss 


ONO hWND = 


4 6 8 
f(MHz) 


QO 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 1. Iccg vs Frequency 
(Worst Case) 


Figure 2. Atpp vs Output Capacitance 
Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS Commercial = 0°C < Ty < +75°C, 4.75V < Voc < 5.25V: 
Industrial = 40°C < Ta < +85°C, 4.5V < Voc < 5.5V; Ro = 390Q 


PLC18V8Z35 PLC18V8ZI 
TEST CONDITION! (Commercial) (Industrial) 
SYMBOL PARAMETER TO Cy UNIT 
Ry (Q) (pF) 


Pulse width 


Clock period 
tcxp (Minimum CLK + CLK + 
tis + tcxo) 


| tox. | Clock width Low width Low | CLK- | | CLK- | Se | CLK+ | BB 


fee rece [tere [mes [ff ff wo fom | 


Hold time 
Input or feedback 
Setup time 


Input or feedback 


Propagation delay 


Delay from input 


Clock High to 
output valid 
access Time 


ine) 
“NJ 


tcKo 


Product term 
enable to outputs 
off 


Active-High R = 1.5k 
Active—Low R = 550 


Product term 
disable to outputs 
off 


From Vou R=oo 
From Voy R = 200 


Pin 11 output 
disable High to 
outputs off 


From Vou R=0o 
From Vg, R = 200 


Active-High R = 1.5k 
Active—Low R = 550 


WwW 


Ww 
oO oO 


Pin 11 output 
enable to active 
output 


Sync preset 
| si ie 
[Power-wprosst | _vecr | Fr 


Frequency of operation 


TFequeneyetopeation ——SSC~—“S*~“‘*S*S*S~“~*s*~*~“‘—s*~CS*s‘“S*sS*SC*S 
Tux [Waxman toqueney | Wsvtexa) [msde | [a] | [wel 


NOTES: 
1. Refer also to AC Test Conditions. (Test Load Circuit) 


2. 3-State levels are measured +0.5V from the active steady-state level. 
3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 


Async reset 
fees. fan [am | 
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POWER-UP RESET 

In order to facilitate state machine design and 
testing, a power—up reset function has been 
incorporated in the PLC 18V8Z. All internal reg- 
isters will reset to active-Low (logical “O”) after 
a specified period of time (tppr). Therefore, any 


TIMING DIAGRAMS 


INPUTS 
VO, REG. 
FEEDBACK 


ts 


REGISTERED 
OUTPUTS 


ANY INPUT 
PROGRAMMED FOR 
DIRECTION CONTROL 


MA LLAALLLLLLLLLLL LLL ___K_/ 


OMC that has been configured as a registered 
output will always produce an active-High on 
the associated output pin because of the in- 
verted output buffer. The internal feedback (Q) 


tOE2 
3-STATE 


of a registered OMC will also be set Low. The 
programmed polarity of OMC will not affect the 
active-High output condition during a system 
power—up condition. 


Zi msowos Xo KL 


womens LEEK 


Voc 


F 
(OUTPUTS) 


1,B 
(INPUTS) 


NOTE: 


Switching Waveforms 


UiLLLA___| \ 


4s 


Diagram presupposes that the outputs (F) are enabled. The reset occurs regardiess of the output condition (enabled or disabled). 
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ASYNCHRONOUS 
RESET INPUT 


taRD 


ere ZVI NIV ZWD 


tARR 


Asynchronous Reset 


SYNCHRONOUS 
PRESET INPUT 


REGISTERED 
OUTPUT 


Synchronous Preset 
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REGISTER PRELOAD FUNCTION 


(DIAGNOSTIC MODE ONLY) 

In order to facilitate the testing of state 
machine/controller designs, a diagnostic mode 
register preload feature has been incorporated 
into the PLC18V8Z series device. This feature 
enables the user to load the registers with pre- 


determined states while a super voltage is 
applied to Pins 11 and 6 (I9/OE and Is). (See 
diagram for timing and sequence. ) 

To read the data out, Pins 11 and 6 must be re- 


turned to normal TTL levels. The outputs, Fo _ 7, 
must be enabled in order to read data out. The 


REGISTER PRELOAD (DIAGNOSTIC MODE) 


Q outputs of the registers will reflect data in as 
input via Fo _ 7 during preload. Subsequently, 
the register Q output via the feedback path will 
reflect the data in as input via Fo _ 7. 


Refer to the voltage waveform for timing and 
voltage references. tp, = 10sec. 


Fo_7 


LOGIC PROGRAMMING 


The PLC 18V8Z can be programmed by means 
of Logic Programming equipment. 


With Logic programming, the AND/OR/Ex—OR 
gate input connections necessary to imple- 
ment the desired logic function are coded di- 
rectly from logic equations using the Program 
Table. Similarly, various OMC configurations 
are implemented by programming the Archi- 
tecture Control bits AC1 and AC2. Note that 
the configuration cell is automatically pro- 
grammed based on the OMC configuration. 


In this table, the logic state of variables |, P and 
B associated with each Sum Term S is as- 
signed a symbol which results in the proper 
fusing pattern of corresponding link pairs, de- 
fined as follows: 


“AND” ARRAY - (I, B) 


PRELOAD DATA IN y 


OUTPUT POLARITY - (0, B) 


ACTIVELEVEL | CODE | 
INVERTING! 


P 


[state cove 
[—wactver [0 


= 
ws U-_—~—xqnaaaea2=—Q_@2_ 


ACTIVELEVEL | CODE | 
NONINVERTING | H | 


NOTE: 


1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC18V8Z 
Series devices are such that erasure begins to 
occur upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lighting could erase a typi- 
cal PLC 18V8Z in approximately three years, 
while it would take approximately one week to 
cause erasure when exposed to direct sunlight. 


PROGRAMMING 


If the PLC18V8Z is to be exposed to these 
types of lighting conditions for extended peri- 
ods of time, opaque labels should be placed 
over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 
PLC18V8Z is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Ang- 


stroms (A). The integrated dose (i.e., UV inten- 


sity X exposure time) for erasure should be a 
minimum of 15Wsec/cm2. The erasure time 
with this dosage is approximately 30 to 35 


minutes using an ultraviolet lamp with a 


12,000LL1W/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be exposed to without 
damage is 7258Wsec/cm2). Exposure of these 
CMOS EPLDs to high intensity UV light for 
longer periods may cause permanent damage. 


The maximum number of guaranteed erase/ 
write cycles is 50. Data retention exceeds 20 
years. 


The PLC 18V8Z35/I is programmable on conventional programmers for 20—pin PAL devices. Refer to the following charts for qualified manufacturers 


of programmers and software tools: 


DATA I/O CORPORATION 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


STAG MICROSYSTEMS, INC. 

1600 WYATT DRIVE 

SUITE 3 

SANTA CLARA, CALIFORNIA 95054 


(408)988-1118 


PROGRAMMER MANUFACTURER 


PROGRAMMER MODEL 


System 29B, LogicPak™ 


303A-011A; VO9 (DIL) 
303A-011B; V04 (PLCC) 


UNISITE 40/48 
V2.5 (DIL) 
Chipsite (PLCC) — TBA 


MODEL 60 TBA 


ZL30/30A PROGRAMMER 
REV. 30A34 (DIL) 
30A001 Adaptor (PLCC) 


PPZ PROGRAMMER 
TBA 


FAMILY/PINOUT CODES 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 

811 EAST ARQUES AVENUE 

P.O. BOX 3409 

SUNNYVALE, CALIFORNIA 94088-3409 


(408)991—2000 


DATA I/O 

10525 WILLOWS ROAD, N.E. 

P.O. BOX 97046 

REDMOND, WASHINGTON 98073-9746 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 


(800)331-7766 
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DESCRIPTION 

The 10H20EV8/10020EV8 is an ultra 
high-speed universal ECL PAL®-type de- 
vice. Combining versatile output macro- 
cells with a standard AND/OR single 
programmable array, this device is ideal in 
implementing a user’s custom logic. The 
use of Signetics state-of-the-art bipolar 
oxide isolation process enables the 
10H20EV8/10020EV8 to achieve opti- 
mum speed in any design. The AMAZE 
design software package from Signetics 
simplifies design entry based upon 
Boolean or state equations. 


The 10H20EV8/10020EV8 is a two-level 
logic element comprised of 11 fixed inputs, 
an input pin that can either be used as a 
clock or 12th input, 90 AND gates, and 8 
Output Logic Macrocells. Each Output 
Macrocell can be individually configured 
as a dedicated input, dedicated output 
with polarity control, a bidirectional I/O, or 
as a registered output that has both output 
polarity control and feedback to the AND 
array. This gives the part the capability of 
having up to 20 inputs and eight outputs. 


The 10H20EV8/10020EV8 has a variable 
number of product terms that can be OR’d 
per output. Four of the outputs have 12 
AND terms available and the other four 
have 8 terms per output. This allows the 
designer the extra flexibility to implement 
those functions that he couldn’t in a stan- 
dard PAL device. Asynchronous Preset 
and Reset productterms are also included 
for system design ease. Each output has 
a separate output enable product term. 
Another feature added for the system 
designer is a power-up Reset on all regis- 
tered outputs. 


10H20EV8/10020EV8 
ECL Programmable Array Logic 


The 10H20EV8/10020EV8 also features 
the ability to Preload the registers to any 
desired state during testing. The Preload 
is not affected by the pattern within the 
device, so can be performed at any stepin 
the testing sequence. This permits full 
logical verification even after the device 
has been patterned. 


FEATURES 
® Ultra high speed ECL device 
— tpp = 4.5ns (max) 
— tis = 2.5ns (max) 
— tcxo = 2ns (max) 
— fuax = 222MHz 
® Universal ECL Programmable Array 
Logic 
- 8 user programmable output 
macrocelis 
— Up to 20 inputs and 8 outputs 
— Individual user programmable 
output polarity 


® Variable product term distribution 
allows increased design capability 


@ Asynchronous Preset and Reset 
capability 


® 10KH and 100K options 


® Power-up Reset and Preload 
function to enhance state machine 
design and testing 


© Design support provided via 
AMAZE and other CAD tools 


® Security fuse for preventing design 
duplication 


® Available in 24-Pin 300mil-wide DIP 
and 28-Pin PLCC. 


@PAL is a registered trademark of Monolithic Memories, inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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FUNCTIONAL DESCRIPTION 

The 10H20EV8/10020EV8 is an ultra high- 
speed universal ECL PAL-type device. Com- 
bining versatile Output Macrocells with a 
standard AND/OR single programmable array, 
this device is ideal in implementing a user’s 
custom logic. 


PROGRAMMABLE AND ARRAY 
(90 x 40) 


£ OUTPUT gE OUTPUT Ba OUTPUT 
ry LOGIC mE LOGIC it Pp LOGIC 
MACROCELL 5 MACROCELL MACROCELL 


teut [| output [7 

b LOGIC 
i i 
V V 


As can be seen in the Logic Diagram, the de- 
vice is atwo-level logic elementwith a program- 
mable AND array. The 20EV8 can have up to 
20 inputs and 8 outputs. Each output has a ver- 
satile Macrocell whereby the output can either 
be configured as a dedicated input, a dedicated 
combinatorial output with polarity control, a bi- 
directional I/O, or as a registered output that 
has both output polarity control and feedback 
into the AND array. 


Figure 1. Output Logic Macrocell 
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The device also features 90 product terms. Two 
of the product terms can be used for a global 
asynchronous preset and/or reset. Eight of the 
product terms can be used for individual output 
enable control of each Macrocell. The other 80 
product terms are distributed among the out- 
puts. Four of the outputs have eight product 
terms, while the other four have 12. This ar- 
rangement allows the utmost in flexibility when 
implementing user patterns. 


Output Logic Macrocell 

The 10H20EV8/10020EV8 incorporates an 
extremely versatile Output Logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 


As seenin Figure 1, the 1OH20EV8/10020EV8 
Output Logic Macrocell consists of an edge- 
triggered D-type flip-flop, an output select 
MUX, and a feedback select MUX. Fuses Sy 
and S, allow the user to select between the 
various cells. S; controls whether the output 
will be either registered with internal feedback 
or combinatorial I/O. Sp controls the polarity of 
the output (Active-HIGH or Active-LOW). This 
allows the user to achieve the following 
configurations: Registered Active-HIGH out- 
put, Registered Active-LOW output, Combina- 
torial Active-HIGH output, and Combinatorial 
Active-LOW output. With the output enable 
product term, this list can be extended by add- 
ing the configurations of a Combinatorial I/O 
with Polarity or another input. 


Signetics Programmable Logic Devices Preliminary Specification 


ECL Programmable Array Logic 10H20EV8/10020EV8 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


10H20EV8—6F 
24—Pin Ceramic Dual In—Line 10H20EV8—4F 
(300mil—wide) 10020EV8—6F 
10020EV8—4F 


10H20EV8-6A 
10H20EV8—4A 
10020EV8-6A 
10020E V8—4A 


28—Pin Plastic Leaded Chip Carrier 


ABSOLUTE MAXIMUM RATINGS! 


a Sc 
| 


Operating Temperature range . ee took; 
Storage Temperature range —55 to +150 
NOTE: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 


RATINGS 
DEVICE | SYMBOL PARAMETER 


win [Mos 
iow0eVe | Vez | Suppvvotoge __——~id;-ea8 | 40 
ee ee 


Supply voltage 4.8 


Operating free—air temperature 
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Registered Active-HIGH 


Combinatorial Active-HIGH 


OUTPUT MACRO CELL 
CONFIGURATION 


Shown in Figure 2 are the four possible configu- 
rations of the output macrocell using fuses So 
and S;. As seen, the output can either be regis- 
tered Active-HIGH/LOW with feedback or 
combinatorial Active-HIGH/LOW with feed- 
back. If the registered mode is chosen, the 
feedback is from the Q output to the AND array 
enables one to make state machines or shift 
registers without having to tie the output to one 
of the inputs. If a combinatorial output is cho- 
sen, the feedback gate is enabled from the pin 
and allows one to create permanent outputs, 
permanent inputs, or I/O pins through the use 
of the output enable (D) product term. 


OUTPUT ENABLE 

Each output on the 10H20EV8/10020EV8 has 
its own individual product term for output en- 
able. The use of the D product term (direction 
control) allows the user three possible configu- 
rations of the outputs. They are always en- 
abled, always disabled, and controlled by a 
programmed pattern. A HIGH on the D term en- 
ables the output, while a LOW performs the dis- 
able function. Output enable control can be 
achieved by programming a pattern on the D 
term. 


The output enable control can also be used to 
expanda designer's possibilities once a combi- 
natorial output has been chosen. If the D term 
is always HIGH, the pin becomes a permanent 
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Figure 2. Output Macro Cell Configurations 


Active—HIGH/LOW output. If the D term is 
always LOW (all fuses left intact), the pin now 
becomes an extra input. 


PRESET AND RESET 

The 10H20EV8/10020EV8 also includes a sep- 
arate product term for asynchronous Preset 
and asynchronous Reset. These lines are com- 
mon for all registers and are asserted when the 
specific product term goes HIGH. Being 
asynchronous, they are independent of the 
clock. It should be noted that the actual state of 
the output is dependent on how the polarity of 
the particular output has been chosen. If the 
outputs are a mix of Active—HIGH and Active— 
LOW, a Preset signal will force the Active— 
HIGH outputs HIGH while the Active-LOW 
outputs would go LOW, even though the Q out- 
put of all flipflops would go HIGH. A Reset sig- 
nal would force the opposite conditions. 


PRELOAD 

To simplify testing, the 1OH20EV8/10020EV8 
has also included PRELOAD circuitry. This 
allows auser to load any particular data desired 
into the registers regardless of the pro- 
grammed pattem. This means that the 
PRELOAD can be done on a blank part and 
after that same part has been programmed to 
facilitate any post—fuse testing desired. 


Itcan also be used by a designer to help debug 
his/her circuit. This could be important if a state 
machine was implemented in the 10H20EV8/ 
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10H20EV8/10020EV8 


Registered Active-LOW 


Combinatorial Active-—LOW 


10020EV8. The PRELOAD would allow a 
designer to enter any state in the sequence 
desired and start clocking from that particular 
point. Any or all transitions could be verified. 


AMAZE 

The AMAZE PLD Design Software develop- 
ment system also supports the 10H20EV8/ 
10020EV8. AMAZE provides the following ca- 
pabilities for the 1OH20EV8/10020EV8: 


® State equation entry 

® Boolean equation entry 

®@ Logic and timing simulation 

® Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.0 
or higher. The minimum system configuration 
for AMAZE is 640K bytes of RAM and a hard 
disk. 


AMAZE compiles the design after completion 
for syntax and completeness. Programming 
data is generated in JEDEC format. 


DESIGN SECURITY 

The 10H20EV8/10020EV8 has a program- 
mable security fuse that controls the access to 
the data programmed in the device. By using 
this programmable feature, proprietary designs 
implemented in the device cannot be copied or 
retrieved. 
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DC ELECTRICAL CHARACTERISTICS 10H20EvV8: 0°C < Ta < +75°C, Veg = -5.2V + 5%, Voc = Veo: = Voo2 = GND 


10020EV8: 0°C < Ta < +85°C, -4.8V < Vee < —4.2V, Voc = Voo1 = Voo2 = GND 
SYMBOL 
OH 


PARAMETER! TEST CONDITIONS? Ta 
V High level output voltage Vin = Vin Max. or Vi. Min. 0°C 
10KH +25°C —980 -810 mV 
+75°C —920 -735 


0°C to 85°C 
High level output threshold voltage Vin = Vin Max. or Vi. Min. 


0°C to 85°C 
High level input voltage Guaranteed input voltage 


0°C -—1950 | -—1630 
+25°C -1950 | —1630 mV 
+75°C -—1950 | —1600 
high for all inputs 


: 
< 


High level output threshold voltage Vin = Vin Max. or Vi, Min. 


Low level output voltage Vin = Vin Max. or Vi, Min. 


0°C to 85°C 
0°C to 85°C 


0°Cc -—1170 —840 
10KH +25°C -1130 -810 mV 
+75°C -1070 | -735 
100K | O°C to 85°C 
Low level input voltage Guaranteed input voltage 0°C -—1950 | —1480 
low for all inputs 10KH +25°C -1950 | —1480 mV 
+75°C —1980 | —1450 
100K | O°C to 85°C 


hy High level input current Vin = Vin Max. 10KH 0°C 
+75°C 


2 
< 


a 
3 
: 
< 


0°C to 85°C 


0°C 
10KH +75°C 
100K | O°C to 85°C 
10KH | 0°C to 75°C 
NOTES: 
1; 


0°C to 85°C 
All voltage measurements are referenced to the ground terminal. 


2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. The 
circuit is in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 (150 meters) linear fpm is maintained. 


Voltage levels will shift approximately 4mV with an air flow of 200 linear fpm. Outputs are terminated through a 50Q resistor to —2V. 
3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be termi- 
nated to —2V. If tied to Ver, it must be through a resistor > 10K. 


Low level input current Vin = Vit Min. 


Except I/O Pins 


Supply current Vee = Max. 


All inputs and outputs open 
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AC TEST CIRCUIT 


+2.0V + 0.010V 


PULSE 
GENERATOR 


-2.5V + 0.010V FOR 10020EV8 
-~3.2V + 0.010V FOR 10H20EV8 


NOTES: 


1. Use decoupling capacitors of 0.1,1F and 25u1F from GND to Vcc, and 0.01,LF and 25,1F from GND to Veg (0.01 and 0.1[1F capacitors 
should be NPO Ceramic or MLC type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than '/, inch (6mm). 

. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 


. All unused outputs are loaded with 50Q to GND. 


. Ly and Ly, are equal length 50Q impedance lines. L3, the distance from the DUT pin to the junction of the cable from the Pulse Gener- 
ator and the cable to the Scope, should not exceed '/4 inch (6mm). 


. Ry = 50Q terminator internal to Scope. 

. The unmatched wire stub between coaxial cable and pins under test must be less than '/, inch (6mm) long for proper test. 

. C, = Fixture and stray capacitance < 3pF. 

. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 
DUT and the Scope should not exceed '/, inch (6mm) in length (refer to section on AC setup procedure). 


9. All 50Q2 resistors should have tolerance of + 1% or better. 

10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 

11. Two 10LLF capacitors between Vcc and Veco; and Veo respectively located as close to the device as possible is recommended to 
reduce ringing. 

12. Normal practice in test fixtures layout should be followed. Lead lengths, particular to the power supply, should be as short as possible. 
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VOLTAGE WAVEFORMS 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


+1110mV (10H20EV8) 
+1050mV (10020EV8) 


INPUT PULSE REQUIREMENTS 
Voc = Vco1 = Voo2 = +2-0V +0.010V, Veg = -3.2V + 0.010V, V7 = GND (OV) 


roxHect | soomve-p | MHz | soon | 1.32 02ne | 1.3202n6 | 


INPUT PULSE REQUIREMENTS 
Voc = Voo1 = Voo2 = +2-0V +0.010V, Veg = -2.5V + 0.010V, V7 = GND (OV) 


ramur [aurcupe [ernare [Puseworm [min [Sa 
woceci | omer | wie | stone | o7 oan | a7 oi 


Input Pulse Definition 
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AC ELECTRICAL CHARACTERISTICS 10H20Evs8: 0°C < Ta < +75°C, Veg = -5.2V + 5%, Voc = Veo: = Veo2 = GND 
10020EV8: 0°C < Ta < +85°C, 4.8V < Veg < -4.2V, Voc = Voo1 = Voo2 = GND 


_ — ie 


Pulse Width 

Clock High 
Clock Low 
Clock Period 


TEST 
CONDITIONS' 


Preset/Reset Pulse 


Input (I, VO) + 


CLK + 


Input 


Clock Resume 
after Preset/Reset 


(1, VO) + 


Input (1, VO) + 
Clock CLK + 

Output Enable (1, VO) + 
Output Disable (I, VO) + 
Preset/Reset (I, /O) + 


Power-on Reset Vege 


NOTES: 
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 
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TIMING DIAGRAMS 


(~~ 


—.—____—_- 
4s 
50% 


Are. | _ DEMIELAN + tex 


1c ko 
Tre) 
(REGISTERED 
OUTPUT) 


vO 
(COMBINATORIAL 
OUTPUT) 


Flip-Flop and Gate Outputs 


Veg =-—4.94 10H20EV8 
VEE =-4.2 10020EV8 


REGISTERED 
ACTIVE-LOW 
OUTPUT 


Power-On Reset 
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TIMING DIAGRAMS (Continued) 


Output Enable/Disable 


ASYNCHRONOUS 
PRESET/RESET 


Me) 
(OUTPUT) 


Asynchronous Preset/Reset 
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REGISTER PRELOAD 

The 10H20EV8/10020EV8 has included cir- 
cuitry that allows a user to load data into the out- 
put registers. Register PRELOAD can be done 
atany time and is not dependenton any particu- 
lar pattern programmed into the device. This 
simplifies the ability to fully verify logic states 
and sequences even after the device has been 
patterned. 


The pin levels and sequence necessary to per- 
form the register PRELOAD are shown below. 


DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL 


ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS 
PRELOADED DISABLED 


SYMBOL PARAMETER 

Vv Input HIGH level during 
si PRELOAD and Verify 

V Input LOW level during 
a PRELOAD and Verify 

Vv PRELOAD enable voltage 
PP applied to |11 

NOTE: 


1. Unused inputs should be handled as follows: 
— Set at Viy or Vit 
— Terminated to —2V 
— Tied to Veg through a resistor > 10K 
— Open 
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LOGIC PROGRAMMING 
10H20EV8/10020EV8 logic designs can be 
generated using Signetics’ AMAZE PLD de- 
sign software or one of several other commer- 
cially available, JEDEC standard PLD design 
software packages. Boolean and/or state 
equation entry is accepted. 


“AND” ARRAY - (I), (F), (Q,) 


NOTES: 


10H20EV8/10020EV8 logic designs can also 
be generated using the program table entry for- 
mat detailed on the following pages. This pro- 
gram table entry format is supported by the 
Signetics’ AMAZE PLD design software (PTP 
module). AMAZE is available free of charge to 
qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, F, Q, etc.) is assigned a symbol. The symbols 
for TRUE, COMPLEMENT, INACTIVE, PRE- 
SET, etc., are defined below. 


P, D, AP, AR 


ee 
[pontcare [= 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the |, F or Q link pairs is left intact. 


OUTPUT MACROCELL CONFIGURATIONS 


NOTES: 


OUTPUT MACROCELL CONFIGURATION acl POLARITY FUSE 


[ Regiwred ouput Acie HGH =f i 
[ Regiswred Ouput Aciwe-tow +f i 
[ CombratralO,Acie-HIGH | 
[combat vO,Actetow i 


1. This is the initial (unprogrammed) state of the device. 
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FEATURES 
@ Ultra high-speed 


— tpp = 7.5ns and fyax = 74MHz for 
the PLUS20R8-7 Series 


— tpp = 10ns and fyay = 60 MHz for 
the PLUS20R8D Series 


® 100% functionally and pin-for-pin 
compatible with industry standard 
24-pin PAL ICs 


© Power-up reset function to enhance 
state machine design and 
testability 


© Design support provided via 
AMAZE and other CAD tools for 
Series 24 PAL devices 


© Field-programmable on industry 
standard programmers 


® Security fuse 


®@ Individual 3-State control of all 
outputs 


DEVICE NUMBER 


PLUS20L8 


DEDICATED 
INPUTS 


PLUS20R8D/—7 SERIES 


PAL®-Type Devices 


20L8, 20R8, 20R6, 20R4 


DESCRIPTION 

The Signetics PLUS20XX family consists 
of ultra high-speed 7.5ns and 10ns ver- 
sions of Series 24 PAL devices. 


The PLUS20XxX family is 100% functional 
and pin-compatible with the 20L8, 20R8, 
20R6, and 20R4 Series devices. 


The sum of products (AND-OR) architec- 
ture is comprised of 64 AND gates and 8 
fixed OR gates. Multiple bidirectional pins 
provide variable input/output pin ratios. In- 
dividual 3-State control of all outputs and 
registers with feedback (R8, R6, R4) is 
also provided. Proprietary designs can be 
protected by programming the security 
fuse. 


The PLUS20R8, R6, and R4 have D-type 
flip-flops which are loaded on the 
Low-to-High transition of the clock input. 


In order to facilitate state machine design 
and testing, a power-up reset function has 
been incorporated into these devices to 
reset all internal registers to active-Low 
after a specific period of time. 


®oat is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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COMBINATORIAL 
OUTPUTS 


The Signetics State-of-the-Art oxide isola- 
tion Bipolar fabrication process is 
employed to achieve high-performance 
operation. 


The PLUS20XxX family of devices are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. See 
the programmer chart for qualified 
programmers. 


The AMAZE software package from 
Signetics supports easy design entry for 
the PLUS20XX series as well as other 
PLD devices from Signetics. The 
PLUS20XX series are also supported by 
other standard CAD tools for PAL-type 
devices. 


Order codes are listed in the Ordering 
Information table. 


REGISTERED 
OUTPUTS 
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20L8, 20R8, 20R6, 20R4 


PIN CONFIGURATIONS 


SYMBOL 


Li % 
= 

cx 

cc 

< 

cc 

fe) 

ty 

a 

z 


PLUS20L8-7 


PLUS20L8-7 


lp ty Ig NC Veco I13 O07 


Ig lig GND NC Ihy Ip Oo 
CD15512S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 


November 14, 1989 


PLUS20R8-7 


ih 


ists 


ie 


AND/OR ARRAY 


j has] hha] has Eales re fa 


ie 


(TUTTI 
ile 


<a 
<i 
<a 
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=) | 
Se 
<a 
<a 
a 
Se 


PLUS20R8-7 


ly Ig CLK NC Vec hay Q, 


lg GND NC OE ty Qo 


CD15483S 


DESCRIPTION 

Dedicated Input 

Dedicated combinatorial Output 
Registered output 

Bidirectional (input/output) 
Clock input 

Output Enable 

Supply Voltage 

Ground 

No Connection 
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PAL®-Type Devices sf: Bane SEERIES 
20L8, 20R8, 20R6, 20R4 US20R8D/ 


PIN CONFIGURATIONS 
PLUS20R6-7 PLUS20R4-7 


ad 


] 


Me 
PIT YY YY ¥' 


ine 


Me 


AND/OR ARRAY 
AND/OR ARRAY 


I 


lis 


CD15460S 


PLUS20R6-7 PLUS20R4-7 


Ip CLK NC Voc I By Ip CLK NC Veco 11; By 


lg 9 GND NC OE Ii Bo lp GND NC OF Ii Bo : 
CD15493. 


CD15503S 


SYMBOL DESCRIPTION DESCRIPTION 
Dedicated Input Dedicated Input 
Dedicated combinatorial Output Dedicated combinatorial Output 
Registered output Registered output 
Bidirectional (input/output) Bidirectional (inpuVoutput) 
Clock input Clock input 
Output Enable Output Enable 
Supply Voltage Supply Voltage 
Ground Ground 
No Connection No Connection 
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Signetics Programmable Logic Devices Product Specification 


PAL®—Type Devices — 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES 
LOGIC DIAGRAM BLISSOLs 
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PRODUCT TERMS (0-63) 
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INPUTS (0-39) 
LD09510S 
NOTES: 


1. All unprogrammed or virgin ''AND"'' gate locations are pulled to logic ''0" 
2. ©» Programmable connections 
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Signetics Programmable Logic Devices Product Specification 


PAL®-Type Devices 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/—7 SERIES 


LOGIC DIAGRAM PLUS20R8 
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e 
INPUTS (0-39) 


L009520S 


NOTES: - 
1. All unprogrammed or virgin AND’ gate locations are pulled to logic ''0 


2 Programmable connections 
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Signetics Programmable Logic Devices Product Specification 


PAL®—Type Devices PLUS20R8D/-7 SERIES 
20L8, 20R8, 20R6, 20R4 
LOGIC DIAGRAM PLUS20R6 
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INPUTS (0-39) 


NOTES: 
1. All unprogrammed or virgin ''AND"’ gate locations are pulled to logic ''0"' 
2. Programmable connections 
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PAL®-Type Devices : 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-—7 SERIES 


LOGIC DIAGRAM PLUS20R4 
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INPUTS (0-39) 


(009540S 


NOTES: 
1. All unprogrammed or virgin AND" gate locations are pulled to logic 0" 
2... Programmable connections 
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Signetics Programmable Logic Devices 


Product Specification 


PAL®—Type Devices 
20L8, 20R8, 20R6, 20R4 


PLUS20R8D/-7 SERIES 


FUNCTIONAL DESCRIPTIONS 

The PLUS20XX series utilizes the familiar 
sum—of—products implementation consisting of 
a programmable AND array and a fixed OR 
array. These devices are capable of replacing 
an equivalent of four or more SSI/MSI inte- 
grated circuits to reduce package count and 
board area occupancy, consequently improv- 
ing reliability and design cycle over Standard 
Cell or gate array options. By programming the 
security fuse, proprietary designs can be pro- 
tected from duplication. 


The PLUS20XX series consists of four PAL— 
type devices. Depending on the particular 
device type, there are a variable number of 
combinatorial and registered outputs available 
to the designer. The PLUS20L8 is a combina- 
torial part with 8 user configurable outputs (6 bi- 
directional), while the other three devices, 
PLUS20R8, PLUS20R6, PLUS20R4, have 
respectively 8, 6, and 4 output registers. 


3—State Outputs 

The PLUS20XX series devices also feature 
3—State output buffers on each output pin which 
can be programmed for individual control of all 
outputs. The registered outputs (Qn) are con- 
trolled by an external input (/OE), and the com- 
binatorial outputs (On, Bn) use a product term 
to control the enable function. 


AND ARRAY - (I, B) 


P,D 


[stave | C00 
[wactves? | 0 _| 


VIRGIN STATE 


A factory shipped virgin device contains all fus- 
ible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 
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Programmable Bidirectional Pins 
The PLUS20XX products feature variable 
Input/Output ratios. In addition to 12 dedicated 
inputs, each combinatorial output pin of the 
registered devices can be individually pro- 
grammedas an inputor output. The PLUS20L8 
provides 14 dedicated inputs and 6 Bidirection- 
al I/O lines that can be individually configured 
as inputs or outputs. 


Output Registers 

The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 20Ré4 has 4. Each output 
register is a D-type flip—flop which is loaded on 
the Low—to—-High transition of the clock input. 
These output registers are capable of feeding 
the outputs of the registers back into the array 
to facilitate design of synchronous state ma- 
chines. 


Power-up Reset 

By resetting all flipflops to a logic Low, as the 
power is turned on, the PLUS20R8, R6, R4 en- 
hance state machine design and initialization 


capability. 
Software Support 


Like other Programmable Logic Devices from 
Signetics, the PLUS20XxX series are supported 


P,D 


[stare | CODE ] 
eC 


108 


by AMAZE, the PC-based software develop- 
ment tool from Signetics. The PLUS20XX fam- 
ily of devices are also supported by standard 
CAD tools for PAL devices, including ABEL and 
CUPL. 


AMAZE is available free of charge to qualified 
users. 


Logic Programming 

Logic designs for PLUS20XX series can be 
generated using any commercially available 
JEDEC standard design software that supports 
the 24—pin PAL devices. No JEDEC fuse map 
conversion or translation is necessary when 
transferring designs from slower 24—pin PAL 
devices. 


To implement the desired logic functions, each 
logic variable from the logic equations is 
assigned a symbol. True (High), Complement 
(Low), Don’t Care and Inactive symbols are 
defined below. 


STATE CODE 
DON’T CARE - 


Signetics Programmable Logic Devices Product Specification 


PAL®—Type Devices _7 SERIE 
20L8, 20R8, 20R6, 20R4 peuseunee tS : 
ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
PLUS20R8DN Maximum junction 150°C 
Sr iscon tn Maximum ambient 
24—Pin Plastic Dualt-In—Line PLUS20L8DN . 
300mil-wide PLUS20R8—7N face tenes “= 
PLUS20R6—7N 


PLUS20R4—7N 
PLUS20L8—7N 


PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 
28—Pin Plastic Leaded Chip Carrier PLUS20L8DA 
(PLCC) PLUS20R8—7A 
PLUS20R6-—7A 
PLUS20R4—7A 
PLUS20L8—7A 


NOTE: 

The PLUS20XX series of devices are also processed to military requirements for operation over 
the military temperature range. For specifications and ordering information, consult the Signetics 
Military Data Book. 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER 


NOTE: 

1. .Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a Stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


OPERATING RANGES 
iets | one ee | 
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Signietics Programmable Logic Devices Product Specification 


PAL®—Type Devices PLUS20R8D/-7 SERIES 
20L8, 20R8, 20R6, 20R4 


DC ELECTRICAL CHARACTERISTICS 0°c < Ta < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


tat we! 
Input voltage? 


Vit Low Voc = Min V 
Vin High Voc = Max V 
Vic Clamp Voc = Min, lin =-—18mA . V 


Output voltage 


Voc = Min, Vin = Vin or Vit 
lo, = 24mA 
log'=-3.2 mA 


Voc = Max 


Low? 
High? 


Vy =0.40V 


Vay =2.7V 


Maximum input current Vin = Voc = Vocmax 


Output leakage 
Output leakage 


Short circuit*: 5 
= Voc supply current ti 0 
Capacitance® 


Voc = 5V 
Vout = 2.0V 
Vout = 2V, f = 1MHz 

NOTES: 

All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Leakage current for bidirectional pins is the worst case of |), and Ioz, or I)4 and Iozy. 
Test one at a time. 


Duration of short circuit should not exceed 1 second. 
These parameters are not 100% tested but periodically sampled. 


or sen > 


November 14, 1989 110 


Signetics Programmable Logic Devices Product Specification 


ai ain cae PLUS20R8D/-7 SERIES 
20L8, 20R8, 20R6, 20R4 LUS20R8D/ 


AC ELECTRICAL CHARACTERISTICS R, = 200Q, R, = 390, 0°C < Ta < +75°C, 4.75 < Voc < 5.25V 


SYMBOL PARAMETER i TO 


Pulse Width 


Clock High CK+ 
CK- 
CK+ 


Input or 
’ 
Input CK+ Polar seu 
K+ 


Propagation delay 


YF |o 
xR |K 


Output (20L8, R6, R4)2 


Output enable 
Output enable*> 
Output disable* 
Output disable*5 


tppr Power—Up Reset 

Frequency (20R8, R6, R4) 
No feedback 1/ (tex, + texH)® 
Internal feedback 1/ (tis + toxr)® 


External feedback 1/ (tis + tcexo)® 


For definitions of the terms, please refer to the Timing/Frequency Definitions tables. 

NOTES: 

1. CL = OpF while measuring minimum output delays. 

2. tpp test conditions: CL = SOpF (with jig and scope capacitance), Viy = 3V, Vit = OV, Vou = Vor = 1.5V. 

3. tcxr was calculated from measured Internal fyax. 

4. In reference to 3—State outputs, output enable times are tested with CL = 50pF to the 2.0V or 0.8V level. Output disable times are tested with 
CL = 5pF. High to Highimpedence tests are made to an output voltage of Vr = Voy,—0.5V; Low to High-impedence tests are made to the 
Vr = Vo. +0.5V level. 

Same function as tog; and top;, with the difference of using product term control. 

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency. 


oO 


* 


n 
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Signetics Programmable Logic Devices Product Specification 


PAL®—Type Devices PLUS20R8D/-7 SERIES 
20L8, 20R8, 20R6, 20R4 


TEST LOAD CIRCUIT 


INCLUDES SCOPE 
AND JIG 


CAPACITANCE 


OUTPUT REGISTER SKEW 


Qn 
(REGISTERED OUTPUT) 


Qn +1 
(REGISTERED OUTPUT) 


CLOCK TO FEEDBACK PATH 
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Signetics Programmable Logic Devices 


Product Specification 


PAL®-Type Devices - 
20L8, 20R8, 20R6, 20R4 PLUS20R8D/—7 SERIES 
TIMING DIAGRAMS: 2 TIMING DEFINITIONS 


iB 
wots KK 
4H 


CK 1.5V 


as ‘CKH ‘CKL 
pi 
(REGISTERED ourputs NNN NW A sv VT WY 
KC 


OE 1.5V 


ee 


Flip-Flop Outputs 


,B 
(INPUTS) 


0,8 
(COMBINATORIAL 
OUTPUTS) 


Gate Outputs 


OV 


Q 
(REGISTERED F 1.5V 
OUTPUTS) 
VOL 


,B 
(INPUTS) 


tsstcK 


Power-Up Reset 
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SYMBOL 


PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


Clock period. 


Required delay between be- 
ginning of valid input and posi- 
tive transition of clock. 


tcKH 
tCKL 
tcp 


Required delay between posi- 
tive transition of clock and end 
of valid input data. 


Delay between positive trans- 
ition of clock and when internal 
Q output of flip-flop becomes 
valid. 


Delay between positive trans- 
ition of clock and when outputs 
become valid (with OE Low). 


tcko 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


_ 


Delay between beginning of 
Output Enable High and when 
outputs are in the Off-State. 


Delay between predefined 
Output Enable High, and when 
combinational outputs become 
valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 


Delay between Vcc (after pow- 
er—on) and when flip—flop out- 
puts become preset at “1” (in- 
ternal Q outputs at “O”). 


Propagation delay between 
combinational inputs and out- 


puts. 


FREQUENCY DEFINITIONS 


No feedback: Determined by 
the minimum clock period, 
W(teKL + teKH)- 

Internal feedback: Deter- 
mined by the internal delay 
from flip—flop outputs through 
the internal feedback and array 
to the flip-flop inputs, 1/(tig + 
tcxF). 

External feedback: Deter- 
mined by  clock-to—output 
delay and input setup time, 
1Xtis + teKo). 


NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 


Signetics Programmable Logic Devices Product Specification 


PAL®—Type Devices PLUS20R8D/-7 SERIES 
20L8, 20R8, 20R6, 20R4 es 


PROGRAMMING 


The PLUS20XX Series are programmable on conventional programmers for 24—pin PAL® devices. Refer to the following charts for qualified 
manufacturers of programmers and software tools: 


PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES 


DATA I/O CORPORATION SYSTEM 29B, LogicPak™ 303A—V04 . 

10525 WILLOWS ROAD, N.E. ze eee ! Bie 
ren MONTES ee Sieiorice) | Zone reones 1807 
REDMOND, WASHINGTON 98073-9746 UNISITE 40/48, V2.3 (DIP) >0R4-7/20R4D . 18/27 


V2.5 (PLCC) 
(800)247-5700 MODEL 60, 60A/H, V.13 


STAG MICROSYSTEMS, INC. : 
1600 WYATT DRIVE ZL30/30A PROGRAMMER 20L8—-7/20L8D : 


SUITE 3 REV. 30A31 20R8—7/20R8D : 


20R6-7/20RED : 
SANTA CLARA, CALIFORNIA 95054 PPZ PROGRAMMER 90R4-7/20R4D : 
TBA 


(408)988—1118 


SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 


SIGNETICS COMPANY 
811 EAST ARQUES AVENUE 


P.O. BOX 3409 AMAZE SOFTWARE 
SUNNYVALE, CALIFORNIA 94088-3409 REV. 1.7 


(408)991—2000 


DATA I/O 
10525 WILLOWS ROAD, N.E. 


P.O. BOX 97046 ABEL™ SOFTWARE 
REDMOND, WASHINGTON 98073-9746 REV. 1.0 AND LATER 


(800)247-5700 


LOGICAL DEVICES, INC. 
1201 NORTHWEST 65TH PLACE 
FORT LAUDERDALE, FLORIDA 33309 CUPL™ SOFTWARE 


(800)331—7766 REV. 1.01 AND LATER 
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ECN No. 


Date of Issue | November 1989 


Status Preliminary Specification 
Programmable Logic Devices 


DESCRIPTION 

The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder fea- 
turing a 7.5ns maximum propagation 
delay. The architecture has been opti- 
mized using Philips Components— 
Signetics state—of—the—art bipolar oxide 
isolation process coupled with titanium— 
tungsten fuses to achieve superior speed 
in any design. 


The PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 
73 AND gates, 10 outputs, and 12 bi- 
directional I/Os. This gives the device the 
ability to have as many as 48 inputs. In- 
dividual 3—State control of all outputs is 
also provided. 


The device is field—programmable, en- 
abling the user to quickly generate custom 
patterns using standard programming 
equipment. Proprietary designs can be 
protected by programming the security 
fuse. 


The AMAZE software package from 
Philips Components—Signetics supports 
easy design entry for the PHD48N22-7 as 
well as other PLD devices. 


Order codes are listed in the pages 
following. 


PHD48N22—7 


Programmable High-Speed 
Decoder Logic (48 x 73 x 22) 


FEATURES 


@ Ideal for high speed system 
decoding 


© Super high speed at 7.5ns tpp 
® 36 dedicated inputs 


@ 22 outputs 
— 12 bidirectional VO 
— 10 dedicated outputs 


© Security fuse to prevent duplication 
of proprietary designs. 


® Individual 3—State control of all 
outputs 


© Field—programmable on industry 
standard programmers 


© Available in 68—Pin Plastic Leaded 
Chip Carrier (PLCC) 


APPLICATIONS 
@ High speed memory decoders 


© High speed code detectors 
® Random logic 
© Peripheral selectors 


® Machine state decoders 
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PIN CONFIGURATION 
A Package 


Function Pin Function 
10 35 129 

1 36 = «130 

l2 37 131 
Voc 38 Vcc 
13 39 132 

4 40 133 

15 41 134 

16 42 135 

17 43 BO 

ig 44 BI 

19 45 B2 

110 46 B3 

W4 47 B4 
GND5 48 GND6 
GND1 49 GND2 
112 50 B5 
113 51 B6 
114 52 B7 
115 53 00 
116 54 O1 
Voc 8 Veci 
117 56 O02 
118 57 O03 
119 58 04 
120 59 O85 

121 60 O06 
l22 61 O7 
123 62 O08 
124 63 O9 
125 64 ORO 
126 65 ORI! 
GND3 66 GND4 
127 67 OR2 
128 68 OR3 


PHILIPS 
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Programmable High-Speed PHD48N22-7 
Decoder Logic (48 x 73 x 22) 


LOGIC DIAGRAM 
INPUTS (0 - 95) 
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NOTES: 
1. All unprogrammed or virgin “AND” gate locations are pulled to logic “0” 
2. Programmable connections 
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Signetics Programmable Logic Devices 


Preliminary Specification 


Programmable High-Speed 
Decoder Logic (48 x 73 x 22) 


PHD48N22-7 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
68—Pin Plastic Leaded Chip Carrier PHD48N22-7A 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER | Min | Max | — UNIT 


Tour | ouputvonage Sid Vos 
Sr 
Mio | Outeurents———S**dtmm 
Tx | Operating omportrerange [0 [7s | 


NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 


is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
OPERATING RANGES 


RATINGS 
SYMBOL PARAMETER | Min | Max | UNIT 


[Voc | Suppivwotage «| a5 (| 525 | Voo 
Operating free-air temperature | oo | 475 | 
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THERMAL RATINGS 
TEMPERATURE 


Allowable thermal rise 
ambient to junction 
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Programmable High-Speed PHD48N22-7 
Decoder Logic (48 x 73 x 22) 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage 


Vit Low Voc = MIN 
Vin High Voc = MAX 
Vie Clamp Voc = MIN, lin =—-18MA 


Output voltage 


Voc = MIN, Vin = Vin or Vit 
Voi Low lot = +24mA 
Vou High lou =-3.2mA 


Voc = MAX 
Ie Low Vin = +0.40V 
ies High Vin = +2.7V 
I High Vin = Vcc = Voc max 


Output current 


Voc = MAX 
Output leakage 3 Vout = +2.7V 


Output leakage 3 Vout = +0.40V 
Short circuit 4 Vout = +0V 


a oc 


Capacitance 


Voc = +5V 
Vin = 2.0V @ f = 1MHz 
Vout = 2.0V @ f = 1MHz 


NOTES: 


Typical limits are at Voc = 5.0V and Ta = +25°C. 

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
Leakage current for bidirectional pins is the worst case of |), and loz, or |), and Io7, . 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
These parameters are not 100% tested, but are periodically sampled. 


Me eM = 
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Programmable High-Speed PHD48N22-7 
Decoder Logic (48 x 73 x 22) 


AC ELECTRICAL CHARACTERISTICS 0°C «Ta < +75°C, 4.75 < Voc < 5.25V, R; = 200Q, Rp = 3902 


Propagation dela 
jot sheough B/Choutputs (I, B, OR) + C, = SOpF a 
Propagation dela 


Output Enable (|, B, OR) + | Output enable C, = 50pF 
Output Disable (l,B, OR) + | Output disable C, = 5pF 
NOTES: 


1. tpp1, 2 are tested with switch S; closed and C, = 50pF. 

2. For 3—State output; output enable times are tested with C, = 50pF to the 1.5V level, and S, is open for high4mpedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with C, = 5pF. High-to—High impedance tests are made to an out- 
put voltage of Vr = Voy — 0.5V with S; open, and Low-to—High impedance tests are made to the V7 = Vo, + 0.5V level with S; closed. 


VIRGIN STATE TIMING DEFINITIONS 


A factory shipped virgin device contains all | ss PARAMETER 
fusible links open, such that: oiallalastcas dined 
1. All outputs are disabled. tep1 Input to output propagation 
delay (through B/O outputs). 
tpp2 Input to output propagation 
delay (through OR outputs). 


2. All p—terms are disabled in the AND array. 
Input to Output Disable 


(3—State) delay (Output 
Disable). 


Input to Output Enable delay 
(Output Enable). 


TIMING DIAGRAM 


INPU VV NY Seer verse 7 
Cn Clin > Gants 
tpp1,2 top orm 
ourpurs ROX EKKO) Wy L777“ 


XXXXXXXN) ILLLL/ = NNN 


VoL 


WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
pty low ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Programmable High-Speed PHD48N22-7 
Decoder Logic (48 x 73 x 22) 


AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


“ay | 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


LOGIC PROGRAMMING 
PHD48N22-7 logic designs can be generated PHD48N22-7 designs can also be generated To implement the desired logic functions, each 
using any commercially available, JEDEC using the program table format, detailedonthe logic variable (Il, B, P and D) from the logic 
standard design software. following page. This program table entry(PTE) equations is assigned a symbol. TRUE (High), 
format is supported on the Signetics AMAZE COMPLEMENT (Low), DON’T CARE and 
PLD design software. AMAZE is available free INACTIVE symbols are defined below. 
of charge to qualified users. 


“AND” ARRAY - (I, B) 


P,D 


STATE CODE 
COMPLEMENT DONTCARE | -_ | 


NOTE: 
1. This is the initial state. 
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PHD48N22-7 


Programmable High-Speed 
Decoder Logic (48 x 73 x 22) 


titi tT TT TTT 


& Lowes lll llelelsiellele|2]2\2l|5/s)9]x/e/e)5)9]8/8)5/5/9/3/9)4]5/5/8)¢|=|9/9)/¢]¢]/9]¢[5) =] 9/0/3/9] 9/0 /n/9]8/5/2]0]3/5|s/0]9]/e/<\R1 


OGRAM TABLE (Continued) 


yd 
af 
s| 
s| 
af 
a 
af 
ef 
| 
a 
a 
: 
) 
a 
s| 
5] | 
a 
a 
s| 
s| 
: 
ef 
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Programmable High-Speed 


PHD48N22-7 
Decoder Logic (48 x 73 x 22) ° 


TYPICAL SYSTEM APPLICATION 


- CLOCK 


GENERATOR 


3 
Qo 
Ch cteasccaces aces, catnalessis ni oneal ie Semel 


INTERRUPT 
CONTROLLER 
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Document No.} 853-0311 
ECN No. 97883 


Date of Issue | October 16, 1989 


Status Product Specification 
Programmable Logic Devices 


DESCRIPTION 

The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND 
gates and 10 OR gates with fusible link 
connections for programming I/O polarity 
and direction. 


All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable I/O gate configurations via 10 
direction control gates (D), ranging from 
18 inputs to 10 outputs. 


On-chip T/C buffers couple either True 
(1, B) or Complement (1, B) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Their 
output polarity, in turn, is individually pro- 
grammable through a set of Ex—OR gates 
for implementing AND/OR or AND/NOR 
logic functions. 


The PLS153 and PLS153A are field- 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. 


Order codes are listed in the Ordering 
Information Table. 


PLS153/A 


Field-Programmable Logic Arrays 


(18 x 42 x 10) 


FEATURES 
© Field-Programmable (Ni-Cr links) 


© 8 inputs 

®@ 42 AND gates 

@ 10 OR gates 

® 10 bidirectional I/O lines 

® Active-High or —Low outputs 


© 42 product terms: 
— 32 logic terms 
— 10 control terms 


@ I/O propagation delay: 
— PLS153: 40ns (max) 
— PLS153A: 30ns (max) 


® Input loading: —100,1A (max) 

© Power dissipation: 650mA (typ) 
© 3-State outputs 

© TTL compatible 


APPLICATIONS 
© Random logic 


© Code converters 

© Fault detectors 

© Function generators 
© Address mapping 

® Multiplexing 
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PIN CONFIGURATIONS 


N = Plastic 


A Package 


Bo GND By Bz B3 
A = Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B:C:-D-... 
TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY = H 
Z=PO0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=PO+Pi+P2 +... 
Z=PO:Pi-P2-... 


NOTES: 

1. For each of the 10 outputs, either function Z (Active- 
High) or Z (Active-Low) is available, but not both. 
The desired output polarity is programmed via the 
Ex-OR gates. 

2. Z, A,B,C, etc. are user defined connections to fixed 
inputs (|) and bidirectional pins (B). 
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A 


LOGIC DIAGRAM 


————————— (LOR TERM) 2 @— (CONTROL TERMS) —@ 
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NOTES: 

1. All programmed ‘AND’ gate locations are pulled to logic "1". 
2. All programmed ‘OR’ gate locations are pulled to logic "0". 
3 Programmable connection. 
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
20—Pin Plastic Dual In-Line, 300mil-wide PLS153N, PLS153AN 
20—Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER The PLS153/A devices are also processed to 


military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Signetics 


Voc Supply voltage 
ak Military Data Handbook. 


Output voltage 


NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


| Min 
aa 
a 
| Imputcurents | 0 
a 
es 
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A 


DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V $ Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typt | Max | UNIT 


Input voltage” 


Vi Low Voc = Min V 

Vi High Voc = Max V 

Vic Clamp2:3 Voc = Min, ly =—12mA 0.8 V 

Output voitage 

Voi Low?: 4 V 

Vou High? 5 Vv 
Vec = Max 
Vin = 0.45V -—100 LA 
Vin = 5.5V 40 LA 


Input current® 
Voc = Max 
lo(OFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V —140 
Short circuit?- 5. 6 Vout = OV 


oe 


Capacitance 
pF 
pF 


NOTES: 

. All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with +10V applied to I7. 

Measured with +10V applied to Io_7. Output sink current is supplied through a resistor to Voc. 
Duration of short circuit should not exceed 1 second. 

loc is measured with lo, |; at OV, lo — 17 and Bog at 4.5V. 

Leakage values are a combination of input and output leakage. 

I, and I), limits are for dedicated inputs only (Ip — I7). 


OS SPS eh = 
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A 


AC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Voc < 5.25V, Ry = 470Q, Ro = 1kQ 


NOTES: 
1. All typical values are at Voc = 5V, Ta = +25°C. 
2. Measured at Vr = Voy + 0.5V. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 
a Delay between input change 


and when output is off (Hi-Z 
or High). 


toe Delay between input change 
and when output reflects 
specified output level. 
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
PLS153/A logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS153/A logic designs can also be generated 
using the program table entry format detailed 
on the following page. This program table entry 
format is supported by the Signetics AMAZE 
PLD design software (PTP module). AMAZE is 
available free of charge to qualified users. 


Ss 
Le 
pT 
ACTIVE LEVEL | CODE _ 


LOW ‘i. 
(INVERTING) 


ACTIVELEVEL | CODE | 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (I, B) 


,B 
1B 
5 
P,D 


[stare [cove 
[wactves? [0 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 


P P 1. All outputs are at “H” polarity. 
S ‘ 2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


CAUTION: PLS153A TEST 


[Pa starus [CODE | 
tre a [_wacrve COLUMNS 
The PLS153A incorporates two columns not 
NOTES: shown in the logic block diagram. These col- 
1. This is the initial unprogrammed state of all links. umns are used for in-house testing of the de- 


2. Any gate P, willbe unconditioanlly inhibited if both the True and Complementofaninput(either vice in the unprogrammed state. These 


| or B) are left intact. columns must be disabled prior to using the 


PLS153A in your application. If you are using a 
Signetics-approved programmer, the disabling 
is accomplished during the device program- 
ming sequence. If these columns are not dis- 
abled, abnormal operation is possible. 


Furthermore, because of these test columns, 
the PLS153A cannotbe programmed using the 
programmer algorithm for the PLS153. 
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FPLA PROGRAM TABLE 
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PLUS153B/D 


Programmable Logic Arrays 
(18 x 42 x 10) 


Document No. 
Date of Issue 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS153 PLDs are highspeed,com- eyo propagation delays (worst case) N Package 
binatorial Programmable Logic Arrays. 

The Signetics state-of-the-art Oxide Iso- ~ PLUS153B — 15ns max. 
lated Bipolar fabrication process is — PLUS153D -— 12ns max. 
employed to produce propagation delays 
as short as 12ns. 


© Functional superset of 16L8 and 
most other 20-pin combinatorial 
The 20—pin PLUS 153 devices have a pro- PAL devices 


grammable AND array and a program- 


mable OR array. Unlike PAL® devices, ° 'W° Programmable arrays 


100% product term sharing is supported. | — Supports 32 input wide OR 
Any of the 32 logic product terms can be functions 
connected to any or allof the 10 output OR - 
‘ip 8 inputs 
gates. Most PAL ICs are limited to 7 AND 
terms per OR function; the PLUS153 de- —_e 10 bi-directional I/O N = Plastic 
vices Can support up to 32 input wide OR 
functions. 42 AND gates A Package 
The polarity of each output is user—pro- — 32 logic product terms ly 'o Voc By 


grammable as either active—High or — 10 direction control terms 
active—Low, thus allowing AND—OR or 

AND-NOR logic implementation. This © Programmable output polarity 
feature adds an element of design flexibil- — Active—High or Active—Low 
ity, particularly when implementing com- 


plex decoding functions. ° Security fuse 

The PLUS153 devices are user-program- © 3-State outputs 

mable using one of several commercially Power dissipation: 750mW (typ.) Bp GND B, Bo B3 
available, industry standard PLD pro- 


A = Plastic Leaded Chip Carrier 


grammers. © TTL Compatible 


APPLICATIONS 

© Random logic 

® Code converters 

© Fault detectors 

® Function generators 
© Address mapping 

© Multiplexing 


®@PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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PLUS153B/D 


Programmable Logic Arrays 


(18 x 42 x 10) 


LOGIC DIAGRAM 


@— (CONTROL TERMS) — 


a@——_—————__ (LOGIC TERMS-P) 


I TTT ig ee 


eee 8 FVesecee 0 


16 1506 


a caoaeg’d¢&iadair 


2. All programmed ‘OR' gate locations are pulled to logic *0". 
Programmable connection. 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 


NOTES: 


3. 
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(18 x 42 x 10) 


PLUS153B/D 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION 
DESCRIPTION 
20—Pin Plastic DIP 300mil-wide 
20-Pin Plastic DIP 300mil-wide 
20-Pin Plastic Leaded Chip Carrier 
20-Pin Plastic Leaded Chip Carrier 


tpp (MAX) ORDER CODE 


PLUS153BA 
PLUS153DA 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
cc 


pin 


RATING 


PARAMETER 
Supply voltage 


Input voltage 
Output voltage 
Input currents 
Output currents 


Operating free—air temperature range 


3 


PLN Le 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


July 12, 1989 136 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise 75°C 
ambient to junction 

The PLUS153 devices are also processed to 
military requirements for operation over the 
military temperature range. For specifications 


and ordering information consult the Signetics 
Military Data Book. 


Signetics Programmable Logic Devices Product Specification 


Programmable Logic Arrays PLUS153B/D 
(18 x 42 x 10) 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 S$ Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


Serra Tel we 
Input voltage 


Vi Low Voc = Min V 
Vin High Voc = Max V 
Vic Clamp Voc = Min, liy = —12mA -0.8 V 


Output voltage 


Voc = Min 
Vo. Low’ lo. = 15mA V 
Vou High® lon = —2mA V 


Input current® 


Voc = Max 
le Low Vin = 0.45V —100 LA 
rm High Vin = Voc 40 A 


Output current 


| Voc = Max 
lO(OFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V —140 
Short circuit: 5: 6 Vout = OV 


Dies esi een? [te 


Capacitance 


1. All typical values are at Voc = 5V, Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with inputs Io — lz = OV, inputs I3 — Is = 4.5V, inputs l7 = 4.5V and Ig = 10V. For outputs Bo — By and for outputs Bs — Bg apply the 
same conditions except I7 = OV. 

5. Same conditions as Note 4 except I7 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. loc is measured with inputs Ip — 17 and By — Bg = OV. 

8. Leakage values are a combination of input and output leakage. 

9. |, and I), limits are for dedicated inputs only (Ip — 17). 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc < 5.25V, Ry = 470Q, Ro = 1kQ 


SYMBOL PARAMETER TEST 
CONDITION 


Propagation Delay2 Output +/— 
oo [Outpt Babe 


NOTES: 
1. Measured at V7 = Vo, + 0.5V. 
2. Measured with all inputs and outputs switching simultaneously. 
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Programmable Logic Arrays PLUS153B/D 
(18 x 42 x 10) 
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


3.0V———— 


10% 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


INCLUDES SCOPE 
AND JIG 


CAPACITANCE 


input Pulses 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Propagation delay between 
input and output. 

Delay between input change 
and when output is off (Hi-Z 
or High). 

toe Delay between input change 
and when output reflects 
specified output level. 
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Programmable Logic Arrays PLUS153B/D 
(18 x 42 x 10) 
LOGIC PROGRAMMING OUTPUT POLARITY — (B) 


PLUS153 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


PLUS153 logic designs can also be generated 
using the program table entry format detailed 


on the following pages. This program table | [ ACTIVELEVEL | CODE | 


[ACTIVE LEVEL | CODE _| 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). a see (INVERTING) 


AMAZE is available free of charge to qualified 
,B 
1B 
LB 
P,D 


users. 
To implement the desired logic functions, the 

ee 
[ponTcare | — | 


state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (I, B) 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


[Pa staTus [cove | 
[—actver | a _ 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P,, will be unconditionally inhibited if both the true and complement of an input (either 
| or B) are left intact. 
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Status Preliminary Specification 
Programmable Logic Devices 


DESCRIPTION 

The PLUS153-10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Signetics state-of-the-art Oxide 
Isolated Bipolar fabrication process is 
employed to produce propagation delays 
as short as 10ns. 


The 20—pin PLUS153 device has a pro- 
grammable AND array and a program- 


mable OR array. Unlike PAL® devices, 
100% product term sharing is supported. 
Any of the 32 logic product terms can be 
connected to any or allofthe 10 output OR 
gates. Most PAL ICs are limited to 7 AND 
terms per OR function; the PLUS153-—10 
can support up to 32 input wide OR 
functions. 


The polarity of each output is user— 
programmable as either active—High or 
active—Low, thus allowing AND-OR or 
AND-NOR logic implementation. This 
feature adds an element of design flexibil- 
ity, particularly when implementing com- 
plex decoding functions. 


The PLUS153-10 device is user—pro- 
grammable using one of several commer- 
cially available, industry standard PLD 
programmers. 


PLUS153—10 


Programmable Logic Array 


(18 x 42 x 10) 


FEATURES 
@ |/O propagation delays (worst case) 


— PLUS153-—10 — 10ns max. 


@ Functional superset of 16L8 and 
most other 20-pin combinatorial 
PAL devices 


® Two programmable arrays 


— Supports 32 input wide OR 
functions 


® 8 inputs 
® 10 bi-directional I/O 


@ 42 AND gates 
— 32 logic product terms 


— 10 direction control terms 


@ Programmable output polarity 


— Active—High or Active—Low 
® Security fuse 
e 3-State outputs 
® Power dissipation: 750mW (typ.) 
© TTL Compatible 


PIN CONFIGURATIONS 
N Package 


N = Plastic 


Bo 


A = Plastic Leaded 


APPLICATIO 
@ Random log 


A Package 


ly Io Voc Bg 


GND B, By Bg 


Chip Carrier 


NS 


ic 


® Code converters 


® Fault detectors 


® Function generators 


e Address mapping 


© Multiplexing 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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Programmable Logic Array 
(18 x 42 x 10) 


LOGIC DIAGRAM 


Preliminary Specification 


PLUS153—10 


a—#___—_——————_ (LOGIC TERMS-P) —————————__ @— (CONTROL TERMS) —& 


> 
° 

> 
° 


CCE TEE 


TL 


ili 
SuGC ae 
so 


1. All programmed ‘AND’ gate locations are pulled to logic “1”. 
2. All programmed ‘OR' gate locations are pulled to logic "0". 
3. Programmable connection. 
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Programmable Logic Array PLUS153-10 
(18 x 42 x 10) 


FUNCTIONAL DIAGRAM 


A 


mn 


Vin’ 
\/ 
2 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION | tpp (MAX) | ORDER CODE TEMPERATURE 
20-Pin Plastic DIP 300mil-wide | t0ns PLUS153—10N 
20-Pin Plastic Leaded Chip Carrier PLUS153-10A 


ABSOLUTE MAXIMUM RATINGS! 
Input voltage 
Output voltage 


Input currents 


The PLUS153 devices are also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Signetics 
Military Data Book. 


PARAMETER 
Supply voltage 


Output currents 
Operating free-air temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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Programmable Logic Array PLUS153-10 
(18 x 42 x 10) 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


rare we | 
Input voltage 


Vit Low Voc = Min 0.8 V 
Sie |" fall E 

Vie Clamp Voc = Min, lin =—-12mA 0.8 -1.2 V 

Output voltage 

Voc = Min 

Vo. Low* lo. = 15mA 0.5 V 
sm dal [els 

Input current? 

ti. Low ~100 LA 
| fefe 
Voc = Max 
lOwrF) Hi-Z state® Vout = 5.5V 80 LLA 
Vout = 0.45V ~140 
Short circuit: 5 & Vout = OV -15 -70 mA 


Output current 
los 


Capacitance 


Cin Input 
Cg /O 


NOTES: 

1. All typical values are at Vcc = 5V, Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Testone ata time. 

4. Measured with inputs Ig — lo = OV, inputs Iz — I5 = 4.5V, inputs l7 = 4.5V and Ig = 10V. For outputs Bp — By and for outputs Bs — Bg apply the 
same conditions except l7 = OV. 

5. Same conditions as Note 4 except I7 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. loc is measured with inputs |p — 17 and Bo — Bg = OV. 

8. Leakage values are a combination of input and output leakage. 

9. Ij and I)y limits are for dedicated inputs only (Ig — ly). 


AC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < Voc < 5.25V, R; = 470Q, Ro = 1kQ 


TEST LIMITS 
SYMBOL PARAMETER FROM To CONDITION | Min | Typ | Max | UNIT 


oe [Oupurerabie | _topuree | ou | cavaoer | |e | [= | 
0 [wpa dsabier | mits | ous | ci-eor | |e [0 | me 
NOTES: 


1. Measured at V7 = Voc, + 0.5V. 
2. Measured with all inputs and outputs switching simultaneously. 
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Programmable Logic Array PLUS153-10 
(18 x 42 x 10) 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INCLUDES SCOPE 


AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable Logic Array PLUS153-10 
(18 x 42 x 10) 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
PLUS153-10 logic designs can be generated 
using Signetics AMAZE PLD design software 


or one of several other commercially available, Ss ) >— 5 
JEDEC standard PLD design software pack- X 
ages. Boolean equation entry is accepted. 


PLUS153-—10 logic designs can also be gener- 
ated using the program table entry format de- 


tailed on the following pages. This program ACTIVE LEVEL [ CODE | 
table entry format is supported by the Signetics HIGH! LOW L 
AMAZE PLD design software (PTP module). ‘pean et (INVERTING) 


AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (I, B) 


,B 
1,B 
LB 
P,D 


(state [CODE] 
[iwacrves? [0 | [pontcane [| 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 


P 1. All outputs are at “H” polarity. 
m 2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


[Pastarus | cove] 
[active [a 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate P,, will be unconditionally inhibited if both the true and complement of an input (either 
| or B) are left intact. 
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PLUS153—10 


Programmable Logic Array 


(18 x 42 x 10) 


Signetics Programmable Logic Devices 


PLA PROGRAM TABLE 


POLARITY 
SERRE 
B(O) 
DOBOBOeeeo 


~ 


ij 


7 [6] 5} 4] 3] 2]s [r9] raf 17/16] 15] 14) wi | 


~ ~ IWNVN 
rors del ile PEPE PEPPER sel eel lll e|e/sisle le] sieme 


31vd —Aau ——# 318VL WWHDOud igitaswaiweceamiatied 
SB LeVd JO HSEWON IVLOL aq pinoys Asie YO ay) U! Sta) JONpO.d pesnuN » 
*(-) aueg },u0g SB 
~— « # LYVd GAZMOSWAS YAWOLSNO | pawweiBbod aq pinoys Aeue QNY ap UI 81Iq g pue| pesnun 
: —# 591A3d SOILANDIS ‘Bunguaauruou 8} Ajusjod indino e . [SAuOWN 
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October 1989 


Signetics PLS173 


Field-Programmable Logic 
Array (22 x 42 X 10) 


Signetics Programmable Logic 


Application Specific Products PIOCUEE a peCMcanan 


@® Series 24 

DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS173 is a two-level logic element e@ Field-Programmable (Ni-Cr links) 

consisting of 42 AND gates and 10 OR ¢ 42 inputs Mh FBCKASE 


gates with fusible link connections for 
programming |/O polarity and direction. 


All AND gat linked to 12 inputs (I) acd 

gates are linked to 12 inputs i : 
and 10 bidirectional I/O lines (B). These *1 miairectional VO lines 
yield variable I/O gate configurations via © Active-High or -Low outputs 
10 direction control gates (D), ranging ¢ 42 product terms: 
from 22 inputs to 10 outputs. - 32 logic terms 


e 42 AND gates 


On chip T/C buffers couple either True - 10 control terms 

°) jet at i B) dite ape e |/O propagation delay: 30ns (max.) 
ies toa ates, whose outputs can Soe 

be optionally linked to all OR gates. * Input loading: TOD EA (max.) 
Their output polarity, in turn, is individual- @ Power dissipation: 750mW (typ.) 
ly programmable through a set of EX-OR-_ @ _3-State outputs 

gates for implementing AND/OR or TTL compatible 

AND/NOR logic functions. 


The PLS173 is field programmable, en- APPLICATIONS coo32908 


N = Plastic 


abling the user to quickly generate cus- e Random logic 
tom patterns using standard program-. ¢ Code converters A Package 
ming equipment. 

e Fault detectors © 
e Function generators 
e Address mapping 
e Multiplexing 


Order codes for this device are con- 
tained in the pages following. 


FUNCTIONAL DIAGRAM 


N/C B, B, B, B, B, N/C 


CD03390S 
NOTE: 
A = Plastic Leaded Chip Carrier 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pn=A°B:C:D-... 
TYPICAL LOGIC FUNCTION: 


AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z=PO0+P1+P2+ ... 


Z=P0°P1:P2:... 


NOTES: 


1.For each of the 10 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 
via the EX-OR gates. 

2.Z, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (B). 
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Field-Programmable Logic Array (22 « 42 x 10) 


FPLA LOGIC DIAGRAM 


a——___—__———_ (LOGIC TERMS—P) —___—_—————__88 


Product Specification 


PLS4173 


@——— (CONTROL TERMS) ———— 


eC 
bl ESE SESS SSS 
ao 


OGUGUAAMARGEOUIG i 
. SSHRC RICELCE J Co oes oo oe 
és aAGNEH MPAA ANALWIEG ORGIES 8G as Ie 
Pe ot DD 
Tannen barns OPO SSRERERR 
0, |0, |0,] 0,)0,] 02/0, | Oy 


él coe n _D 
EE i Ai ne eal 
SLUR 
" MARARE SIH GEUTESTSa( (0G G03! 1 me aa 
Loo 2 ia ; 


s, |D 
LS D 
Bea 
: = —pD— 
| os 


nee 


HMLLAESELAHLER EAE Ta |e. 
: fe] 


3ileeeeee 24 BZeeeeee lf 1HeeeseeeKZ FJeeveeve4eQ 


NOTES: 

1. All programmed ''AND"' gate locations are pulled to logic ''1"’ 
2. All programmed ''OR"' gate locations are pulled to logic ''0". 
3. Programmable connection. 


May 11, 1988 


149 


TB00941S 


Signetics Application Specific Products @ Series 24 Product Specification 


Field-Programmable Logic Array (22 x 42 x 10) PLS173 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
300mil-wide PLS173N : 3 : 
28—Pin Plastic Leaded 
Chip Carrier PLS173A 


5 
Allowable thermal rise 75°C 
ambient to junction 
ABSOLUTE MAXIMUM RATINGS! 
RATING 
SYMBOL | Max | UNIT 
Voc | 47 | Voc 
rss [ee 


| Min 
ae 
a 
a 
ae 
Le 


PARAMETER 
Supply voltage 
Input voltage 
Output voltage 
Input currents 
Output currents 


Operating free—air temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc $< 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


| Min | Typ? | Max | UNIT 
Input voltage? 


Vit Voc = Min 0.8 
Vin Voc = Max 2.0 
Vic Voc = Min, lin = -12mMA —-0.8 -1.2 


Output voltage 


Voc = Min 
Vo Low2: 4 lo, = 15mA 
Vou High2: 5 lon = —2mA 


Input current’® 


| IL Low 
le High 


Output current 


Voc = Max 
lO(OFF) Hi-Z state? Vout = 5.5V 80 LA 
Vout = 0.45V —140 
Short circuit?: > © Vout = OV —15 -70 mA 


los 
eT 


Capacitance 
lin Input 8 pF 
Cg VO 15 pF 


Notes on following page. 


<< < 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 


AC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75 < Voc < 5.25V, Ry = 470Q, Ro = 1kQ 


TEST LIMITS 
SYMBOL PARAMETER To CONDITION UNIT 


NOTES: 

1. All typical values are at Vcc = 5V, Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Measured with inputs Vj, applied to I,;. Pins 1-5 = OV, Pins 6-10 = 4.5V, Pin 11 = OV and Pin 13 = 10V. 
5. Same conditions as Note 4 except Pin 11 = +10V. 

6. Duration of short circuit should not exceed 1 second. 

7. loc is measured with Ip and |; = OV, and lp — 1, and Bo — Bg = 4.5V. Part in Virgin State. 
8. Measured at V7 = Vo, + 0.5V. 

9. Leakage values are a combination of input and output leakage. 

10.1, and Ijy limits are for dedicated inputs only (lo — 144). 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


+3.0V — — — — 


+5V 


INCLUDES SCOPE 
AND JIG 
R CAPACITANCE 
1 
Ro CL 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 
Delay between input change 


and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
PLS173 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of several other commercially available, 
JEDEC standard PLD design software pack- 


Ss 
ce > 
accepted. — = 


ages. Boolean and/or state equation entry is 


PLS173 logic designs can also be generated 


net the exci table erry fatten ealieg 
on the following pages. This program table HoH" Low 
entry format is supported by the Signetics (NON-INVERTING) (INVERTING) 


AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (I, B) 


1,B 
1,B 
8 
P, D 


[wwactwes? [0 [pontcane | - | 


OR ARRAY - (B) VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 


P 1. All outputs are at “H” polarity. 
‘ 2. All P, terms are disabled. 
3. All P, terms are active on all outputs. 


Pp, STATUS CODE P, STATUS CODE 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. Itis normally associated with all unused 
(inactive) AND gates P,, Dp. 

2. Any gate P,, D, will be unconditionally inhibited if both the True and Complement of any input 
(|, B) are left intact. 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 


FPLA PROGRAM TABLE 


PROGRAM TABLE # 


BEDE CECE EE EEE EE EEE Eee eee eee 


SIGNETICS DEVICE # 


CUSTOMER NAME 


entries corresponding lo states of virgin links exists in the table. 


(Shown BLANK tor clarity.) 
2. Unused | and 6 bits in the ANO array must be programmed Don’t 


Care (—). 


1. The FPLA te shipped with all links intact. Thus » beckground of 
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VARIABLE 
NAME 


Signetics 


Document No. 


DESCRIPTION 

The PLUS173 PLDs are high speed, com- 
binatorial Programmable Logic Arrays. 
The Signetics state-of-the-art Oxide Iso- 
lated Bipolar fabrication process is 
employed to produce propagation delays 
as short as 12ns. 


The 24—pin PLUS173 devices have a pro- 
grammable AND array and a program- 
mable OR array. Unlike PAL® devices, 
100% product term sharing is supported. 
Any of the 32 logic product terms can be 
connected to any or allofthe 10 output OR 
gates. Most PAL ICs are limited to 7 AND 
terms per OR function; the PLUS173 de- 
vices can support up to 32 input wide OR 
functions. 


Date of Issue 


The polarity of each output is user— 
programmable as either active—High or 
active-Low, thus allowing AND—OR or 
AND-NOR logic implementation. This 
feature adds an element of design flexibil- 
ity, particularly when implementing com- 
plex decoding functions. 


The PLUS1 73 devices are user—program- 
mable using one of several commercially 
available, industry standard PLD pro- 
grammers. 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 


PHILIPS 


PLUS173B/D 


Programmable Logic Arrays 


(22 x 42 x 10) 


FEATURES 

@ |/O propagation delays (worst case) 
— PLUS173B -— 15ns max. 
— PLUS173D — 12ns max. 


© Functional superset of 20L10 and 
most other 24-pin combinatorial 
PAL devices 


© Two programmable arrays 


— Supports 32 input wide OR func- 
tions 


® 12 inputs 
® 10 bi-directional !/O 


@ 42 AND gates 
— 32 logic product terms 
— 10 direction control terms 


@ Programmable output polarity 
— Active—High or Active—Low 


@ Security fuse 

@ 3-State outputs 

© Power dissipation: 750mW (typ.) 
® TTL Compatible 


APPLICATIONS 
® Random logic 


® Code converters 

® Fault detectors 

® Function generators 
@ Address mapping 

® Multiplexing 
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PIN CONFIGURATIONS 
N Package 


N = Plastic 


A Package 


In 11 Io Voc Bg Bg 


Ig Iy9 GND 14, Bo By Bz 
A = Plastic Leaded Chip Carrier 


PHILIPS 


Product Specification 


PLUS173B/D 


Programmable Logic Arrays 


(22 x 42 x 10) 


Signetics Programmable Logic Devices 


LOGIC DIAGRAM 


@— (CONTROL TERMS) —# 
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g 
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NOTES: 


Programmable connection. 


1. All programmed ‘AND' gate locations are pulled to logic "1". 
2. All programmed ‘OR' gate locations are pulled to logic "0". 


3. 
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Programmable Logic Arrays PLUS173B/D 
(22 x 42 x 10) 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION THERMAL RATINGS 


[___Descmpnion | woiWAX) | ORDERCODE 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


an 
vec | Seppe 
vn | mputvotege Sd Cd 8 |e 
vor | Oupuvorase «dCi 
Tics | Oupurcurens | too | ma 
= 
= 


[ Maximumantiont | _75°0_ 
Allowable thermal rise 
ambient to junction 


RATING 


Operating free—air temperature range 
Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


-65 
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Programmable Logic Arrays PLUS173B/D 
(22 x 42 x 10) 


DC ELECTRICAL CHARACTERISTICS 0°C < Tg < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ?) | Max — UNIT 


Input voltage? 


Vit Low Voc = Min 
Vin High Voc = Max 
Vic Clamp Voc = Min, lin = —-12mA 


Output voltage? 


Voc = Min 
VoL Low4 lou = 15mA 
Vou High® lou =—2mA 


Input current?® 


Ne Low 
Ny High 


Output current 


Voc = Max 

lowrF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 

Short circuit? > © Vout = OV 


los 


Capacitance 


NOTES: 

1. All typical values are at Vcc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs Ip — |4 = OV, inputs I5 — 19 = 4.5V, 11; = 4.5V and l;9 = 10V. For outputs Bo — Bg and for outputs Bs — Bg apply the same 
conditions except 1,1 = OV. 

Same conditions as Note 4 except input I,; = +10V. 

Duration of short circuit should not exceed 1 second. 

loc is measured with inputs Io — 1,4 and Bo — Bg = OV. Part in Virgin State. 
Leakage values are a combination of input and output leakage. 

I, and Ij, limits are for dedicated inputs only (Ig — 14). 


ON 


8 SG 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, Ry = 470Q, Ro = 1kO 


LIMITS 
SYMBOL PARAMETER FROM TO 


PLUS173B UNIT 
= 
NOTES: 


1. Measured at V7 = Vo, + 0.5V. 
2. Measured with all inputs and outputs switching simultaneously. 


—_ 
—_— 
— 
oO 
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Programmable Logic Arrays PLUS173B/D 
(22 x 42 x 10) 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


av ——— — 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 


July 12, 1989 158 


Signetics Programmable Logic Devices Product Specification 


Programmable Logic Arrays PLUS173B/D 
(22 x 42 x 10) 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
PLUS173 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


ca 


PLUS173 logic designs can also be generated 
using the program table entry format detailed 


on the following pages. This program table | ACTIVELEVEL | CODE | 
entry format is supported by the Signetics LOW 
AMAZE PLD design software (PTP module). 


AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (i, B) 


P,D 


[pont caRE | 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


ee 
p—actwet [ok 


Pp, STATUS CODE 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P,, D,. 

2. Any gate P,, D, will be unconditionally inhibited if both the true and complement of any input 
(|, B) are left intact. 
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PLUS173B/D 


POLARITY 


Programmable Logic Arrays 


(22 x 42 x 10) 


Signetics Programmable Logic Devices 
PLA PROGRAM TABLE 
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a 
a 


Programmable Logic Devices 


PLUS173—10 


Programmable Logic Array 
(22 x 42 x 10) 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS173-10 PLD is a high speed, 0 propagation delays (worst case) N Package 
combinatorial Programmable Logic Array. — PLUS173—10 — 10ns max 

The Signetics state-of-the-art Oxide Iso- ; 

lated Bipolar fabrication process is © Functional superset of 20L10 and 


employed to produce propagation delays | most other 24-pin combinatorial 


as short as 10ns. PAL devices 

The 24-pin PLUS173-10 device has a ® Two Progranwunabt arrays 
programmable AND array andaprogram- = — Supports 32 input wide OR 
mable OR array. Unlike PAL® devices, functions 


100% product term sharing is supported. 12 inputs 

Any of the 32 logic product terms can be ia , 
® 

connected to any or allofthe 10 output OR ISP oieshenalue 

gates. Most PAL ICs are limited to 7 AND ® 42 AND gates 


terms per OR function; the PLUS1 73-10 — 32 logic product terms 
device can support up to 32 input wide OR — 10 direction control terms 
functions. 


@ Programmable output polarity 


The polarity of each output is user— — Active—High or Active-Low 


programmable as either active—High or A Package 

active-Low, thus allowing AND-OR or ® Security fuse Iz l2 11 bo Voc Bg Bg 
AND-NOR logic implementation. This  3-State outputs 
feature adds an element of design flexibil- 
ity, particularly when implementing com- 
plex decoding functions. © TTL Compatible 


The PLUS173-10 device is  user— 


programmable using one of several com- APPLICATIONS 
mercially available, industry standard 


PLD programmers. ¢ Random logic 
© Code converters 


© Fault detectors Ig to GND 14, Bo By Bg 
A = Plastic Leaded Chip Carrier 


© Power dissipation: 750mW (typ.) 


© Function generators 
@ Address mapping 
® Multiplexing 


®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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PLUS173—10 


Programmable Logic Array 


(22 x 42 x 10) 


LOGIC DIAGRAM 


M@— (CONTROL TERMS) —@ 
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Programmable connection. 


1. All programmed ‘AND’ gate locations are pulled to logic "1". 
2. All programmed ‘OR’ gate locations are pulled to logic “0”. 


NOTES: 
3. 
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Programmable Logic Array PLUS173-10 
(22 x 42 x 10) 


FUNCTIONAL DIAGRAM 


c 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION | tpp (MAX) | ORDER CODE TEMPERATURE 
24-Pin Plastic DIP 300mil-wide PLUS173—10N 
28-Pin Plastic Leaded Chip Carrier | 10ns_—s | PLUS173-10A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 
Vcc 


Supply voltage 


Input voltage 
Output voltage 
Input currents 


Output currents 


Operating free—air temperature range 


Storage temperature range 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


October 1989 163 


Signetics Programmable Logic Devices Preliminary Specification 


Programmable Logic Array PLUS173-10 
(22 x 42 x 10) 


DC ELECTRICAL CHARACTERISTICS 0°C < Tg < +75°C, 4.75 € Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typt | Max — UNIT 


Input voltage 


Vin Low Voc = Min 
Vin High Voc = Max 
Vic Clamp Voc = Min, lin = -12mA 


Output voltage? 


Voc = Min 
Voi Low+ lot = 15mA 
Vou High® lon =—2mA 


Input current® 


Voc = Max 
he Low Vin = 0.45V 
IH High Vin = Voc 


Output current 


Voc = Max 
loworry Hi-Z state? Vour=5.5¥ 80 UA 
Vout = 0.45V -140 
Short circuit? 5: § Vout = OV -70 


los mA 
a 


Capacitance 


NOTES: 

1. All typical values are at Vcc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs Ip — I4 = OV, inputs Is — Ig = 4.5V, 1}; = 4.5V and lj9 = 10V. For outputs Bp — By and for outputs Bs — Bg apply the same 
conditions except 11; = OV. 

Same conditions as Note 4 except input I,; = +10V. 

Duration of short circuit should not exceed 1 second. 

loc is measured with inputs Ip — 1}; and By — Bg = OV. Part in Virgin State. 
Leakage values are a combination of input and output leakage. 

I. and I), limits are for dedicated inputs only (Io — 144). 


&On~m 


2 sl GH 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, R; = 470Q, Re = 1kQ 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION UNIT 


a 
a re 
NOTES: 


1. Measured at V7 = Voc, + 0.5V. 
2. Measured with all inputs and outputs switching simultaneously. 
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Programmable Logic Array PLUS173-10 
(22 x 42 x 10) 


VOLTAGE WAVEFORM TEST LOAD CIRCUIT 


+3.0V — — — — 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 


Propagation delay between 
input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level. 
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Programmable Logic Array PLUS173-10 
(22 x 42 x 10) 


LOGIC PROGRAMMING OUTPUT POLARITY - (B) 
PLUS173—10 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean equation entry is accepted. 


PLUS173-10 logic designs can also be gener- 
ated using the program table entry format de- 


talad on the following pages. This program ACTIVE LEVEL [CODE [ACTIVE LEVEL [CODE] 
table entry format is supported by the Signetics HIGH? Low 
AMAZE PLD design software (PTP module). ine) (INVERTING) 


AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


AND ARRAY - (I, B) 


P,D 


[pontcane | 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at “H” polarity. 


2. All P, terms are disabled. 


3. All P, terms are active on all outputs. 


[Pn STATUS | GODE_] 
[—actwet [a _| [—wactve[ 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 
(inactive) AND gates P,, Dr. 

2. Any gate P,, D, will be unconditionally inhibited if both the true and complement of any input 
(|, B) are left intact. 
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Signetics Programmable Logic Devices 


PLUS173—10 


Programmable Logic Array 


(22 x 42 x 10) 


PLA PROGRAM TABLE 


POLARITY 
Sew aee eee 


Keucs ~ ~ ~ ~~ IWVN 
~ ‘is = ATEVIHVA 


"yUBIQ Ya) oq UBD SUIE JONPOWd pesnuUN “EC 
(—) e189 },U0g 
pewuweiBo.d aq enw Aue ONY af UI Sq g pus | pesnun 7 
(‘Aysep 40) WNW1g UMoYs) 
“21q8) 
ap Ul S}sKXa syU] WIKIA JO 82}e)8 0) Buipucdsais05 sainue jo 
punos6y90q 8 sMy “OBL! SyUN) Ie LAA poddiys 8] WId O41 ‘t 
S3LON 


31vVd ~~ AaY # J1EVL WVEYSDOdd 


# ADIAAG SOILANDIS 


AWNVN YAWOLSNOD 
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Application Specific Products 
® Series 24 


DESCRIPTION 


The PLHS473 is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming |/O polarity and direction. 
The Signetics state of the art Oxide- 
Isolated Bipolar process is used to pro- 
duce performance not yet achieved in 
devices of this complexity. 


All AND gates are linked to 11 input pins, 
9 bidirectional |/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473 can be config- 
ured with up to 20 inputs and as many as 
11 outputs. 


The AND array input buffers provide 
both the True and Complement of the 
inputs (lx) and the bidirectional signals 
(By) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PAL“ device archi- 
tectures or most macrocell architec- 
tures). The OR array drives 11 output 
buffers which can be programmed as 
active-High for AND-OR functions or 
active-Low for AND-NOR functions. In 
addition, the |/O configuration of each 
bidirectional pin is individually controlled 
by a sum-of-products (AND-OR) function 
which may also contain any of the 24 
AND gate outputs. This allows dynamic 


FUNCTIONAL DIAGRAM 


PLHS473 


Field-Programmable Logic 
Array (20 x 24 X 11) 


Signetics Programmable Logic 


Product Specification 


1/O configuration of all 9 bidirectional 
pins. 


The PLHS473 contains two new fea- 
tures of significance. A code verification 
lock has been incorporated to improve 
user security. The addition of three test 
columns and one test row enables the 
user to test the device in an unpro- 
grammed state. 


The PLHS473 is field programmable us- 
ing Vertical Avalanche Migration Pro- 
grammed (VAMP™) fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard 
programming equipment. 

Order codes are listed in the Ordering 
Information Table. 

FEATURES 

e Field-Programmable 

e 11 dedicated inputs 

e 2 dedicated outputs 

e 9 bidirectional I/O lines 

e 24 product terms 

@ 22 OR gates 

e 1/0 direction decoded in OR array 


e Output Enable decoded in OR 
array 


e Security fuse 
e 1/O propagation delay: 22ns (max.) 


LD02645S 


PIN CONFIGURATIONS 


N Package 


CD05294S 


A Package 


N/C By 


On Og Bs 


Bg N/C 


e Input loading: -100uA (max.) 

e Power dissipation: 700mW (typ.) 
e Security fuse 

e Testable in unprogrammed state 


e Programmable as 3-State or 
Open-Collector outputs 


e TTL compatible 
e Programmable output polarity 


APPLICATIONS 

e Random logic 

e Code converters 

e Fault detectors 

e Function generators 
e Address mapping 

e Multiplexing 


PAL is a trademark of Monolithic Memories, Inc., a wholly owned subsidary of Advanced Micro Devices, Inc. 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 


EEE 


FPLA LOGIC DIAGRAM 


(LOGIC TERMS-P) 


oftp—R PT 
feo eee ee eee 
by 12) See eee eemeaaaeaee 
2[3-—E ft 
REE Oe oe 
(4e—E ft 
PEL 
wise tet CL 
Pe = a 
sise—E ee Lc LL 
pti ttt Pr a 
le ttt ttt tt 
Seca 
7 [8] CPR eet 
eS e Pi Ot 
ts [9 Rp ay tie 
BOE eee 
I [10 aGsGc an esaedee ane geen 
Bees Hn 
wolt}—*E eT 
Pett tt Pit 


B 
° oe 
we ee ee eee 


= eer eet 
Pa Pere eee eee 


a Eoee aoe 
eee OT 
Me pap pat tt cpapat tap te papp BET 


ae Le Eee eee eee ey ae 
notte LL ; 
eer ee eee eee oe 


Xa [18] On 


23 © © © © © © 1§ 5 © @ © © @e «© 8 7 ee © @ ee © Q — 


LD02630S 


NOTES: . 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic wales 
2. All unprogrammed or virgin ''OR'' gate locations are pulled to logic ''0". 


3h Programmable connection. 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 


ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE 
24-pin Plastic DIP 
300mil-wide PLEATS 
28-pin Plastic Leaded PLHS473A 
Chip Carrier 


ABSOLUTE MAXIMUM RATINGS' 


2.Z, A, B, C, etc. are user defined connections to 


NOTE: fixed inputs (1), fixed output pins (0) and 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress bidirectional pins (B). 


rating only. Functional operation at these or any other conditions above those indicated in the operational 
and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 0°C <Ta <+75°C, 4.75 < Voc <5.25V 


SYMBOL PARAMETER 


Input voltage? 


TEMPERATURE 


TYPICAL PRODUCT TERM: 


Pn=A°‘B:C:D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 


Z=P0+P1+P2+ 2 a 
Z=P0-P1-P2:... 


NOTES: 

1.For each of the 11 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polarity is programmed 


LIMITS 


svi 
Min | typ! | Max 


TEST CONDITION 


Voc = Min 
Vcc = Max 
Voc = Min, lin =-12mA 


Voc = Min 
lo. = 15mA 
lon =-2mA 


Voc = Max 
Vin = 0.45V 
VIN = 5.5V 


Output current 


lo(OFF) Hi-Z state? 40 yA 
-100 UA 
Short circuit? > © ~15 -70 mA 


los 


Capacitance 
8 pF 
15 pF 


lin Input 
Cg 1/O 


Notes on the following page. 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 


AC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75< <5.25V, Ry = 470Q, Ro = 1kQ 


SYMBOL PARAMETER CONDITION Damn te | a | UNIT 


Lae et Pre eee 
ee eee eee ete 
Too | Ou asaie® =~ tno + | oe | Comer | | ws | oe | ne 


NOTES: 


1. All typical values are at Voc = 5V, Ta = + 25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one at a time. 

4. Measured with inputs 0-4 = OV, inputs 5, 7 =4.5V, and inputs 6, 8- 10 = 10V. 

5. Same conditions as Note 5 except input 8 = 4.5V. 

6. Duration of short circuit should not exceed 1 second. 

7. loc iS measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State. 
8. Measured at Vr = Vo, + 0.5V. 

9. Leakage values are a combination of input and output leakage. 

VOLTAGE WAVEFORMS TEST LOAD CIRCUITS 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


WF05392S 
MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TC02681S 


TIMING DEFINITIONS TIMING DIAGRAM 


SYMBOL PARAMETER 
tpp Propagation delay between 
input and output. 


Delay between input change 
and when output reflects 
specified output level. 


WF05412S 


top Delay between input change 
and when output is off (Hi-Z 
or High). 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 


LOGIC PROGRAMMING OUTPUT POLARITY -(O, B) 
PLHS473 logic designs can be generated 
using Signetics' AMAZE PLD design software 
or one of several other commercially avail- 
able, JEDEC standard PLD design software + al 
packages. Boolean and/or state equation 10025745 TC02564S 


entry is: accepted. ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE 

PLHS473 logic designs can also be generat- HIGH ed 
(NON-INVERTING) (INVERTING) 

ed using the program table entry format 


detailed on the following pages. This program 
table entry format is supported by the 
Signetics' AMAZE PLD design software (PTP 
module). AMAZE is available free of charge 
to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equa- 
tions (I, B, O, P, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, IN- 
ACTIVE, PRESET, etc., are defined below. 


"AND" ARRAY - (I, B) 


“F 
P P 


STATE | CODE | STATE | CODE 


DON'T CARE! - INACTIVE 2 | Oo 


TCO02600S TC02630S TC02610S TCO2620S 


OR ARRAY - (0, B) VIRGIN STATE 

A factory shipped virgin device contains all 

fusible links intact, such that: 

1. All outputs are at ''L"' polarity. 

2. All P, terms are enabled in the AND 
array. (Don't Cares) 

CODE | 3. All P, terms are inactive in the OR array. 


ACTIVE A 


TC02591S 


NOTES: 
1. This is the initial unprogrammed state of all links. All unused P, and D, terms must be programmed as 
INACTIVE. 
2. Any gate P,, will be unconditionally inhibited if the True and Complement of either input (I or B) are both 
programmed for a connection. 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 


FPLA PROGRAM TABLE 


SRRETEGTR KERR ARERR 
eT TTT TTT TTT TT TTT TT 
ES SRRERESSAORA ESE SERSER EGER 
ETT TT TTT TT TTT TTT TTT dg 


LE rwes fol-lofo|=fole][elelel= [ee] [2/2] Ie /e/e)s\ala] 12. 


product terms in the AND array 
must be programmed as INACTIVE. 


Unused | and B bits in the AND array exist 


as Don't Care -) in the virgin state. 


< oe P—terms are inactive on all outputs (B, O) in the 


4. 


The FPLA is shipped with all links open. 


Gilead 


DON'T CARE |— 


CF (XXXX) 


rFucs = JWVN 
JTSVINVA 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # 
CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 
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DESCRIPTION 

The PLHS473S is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming I/O polarity and direction. 
The Signetics state-of-the-art Oxide— 
Isolated Bipolar process is used to pro- 
duce performance not yet achieved in 
devices of this complexity. 


The PLHS473 has an enhanced drive 
capability of 24mA. This, coupled with the 
fact that it can drive both 30pF and 200pF 
loads, allows it to be directly connected to 
an external bus. 


All AND gates are linked to 11 input pins, 
9 bidirectional I/O pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS473S can be con- 
figured with up to 20 inputs and as many 
as 11 outputs. 


The AND array input buffers provide both 
the True and Complement of the inputs 
(Ix) and the bidirectional signals (Bx) as 
programmable connections to the AND 
gates. All 24 AND gates can then be 
optionally linked to all 22 OR gates (a 
feature known as Product Term sharing, 


not found in PALS® or most macrocell ar- 
chitectures). The OR array drives 11 out- 
put buffers which can be programmed as 
Active-High for AND-OR functions or 
Active—Low for AND-NOR functions. In 
addition, the I/O configuration of each bi- 
directional pin is individually controlled by 
sum-—of—products (AND-—OR) function 
which may also contain any of the 24 AND 
gate outputs. This allows dynamic |/O 
configuration of all 9 bidirectional pins. 


The PLHS473S is field—programmable 
using Vertical Avalanche Migration 
Programmed (VAMP™) fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard pro- 
gramming equipment. 


Ee 


PLHS4735 


Programmable Logic Array 


(20 x 24 x 11) 


Order codes for this device are contained 


in the pages following. 


FEATURES 


e 1/0 propagation delay: 
25ns (max) @ 30pF 
35ns (max) @ 200pF 


© Field—programmable 

® 11 dedicated inputs 

© 2 dedicated outputs 

® 9 bidirectional I/O lines 

@ 24 product terms 

@ 22 OR gates 

@ |/O direction decoded in OR array 
® Output Enable decoded in OR array 
© Power dissipation: 7OOmW (typ) 

@ Enhanced drive capability of 24mA 
®@ Security fuse 


® Programmable as 3-State or Open-— 
Collector outputs 


@ TTL compatible 


APPLICATIONS 
@ Random logic 


© Bus interface 

© Code Converters 

® Function generators 
e Address mapping 

@ Multiplexing 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 
N Package 


N = Plastic 


A Package 


A = Plastic Leaded Chip Carrier 


PHILIPS 


Preliminary Specification 


Signetics Programmable Logic Devices 


PLHS473S 


Programmable Logic Array (20 x 24 x 11) 


{2} = 
ie) co) 
2} LE 


sill 


7 eee @ @ @ Q 


(LOGIC TERMS-P) 


15 e©@ © @©@ © @ e@ § 


273 e © @ © © ee 16 


a a a 


=. Programmable connection. 


1. All unprogrammed or virgin ‘AND’ gate locations are pulled to logic “1”. 
2. All unprogrammed or virgin ‘OR’ gate locations are pulled to logic "0". 


NOTES: 


PLA LOGIC DIAGRAM 
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Programmable Logic Array (20 x 24 x 11) 


PLHS473S 


FUNCTIONAL DIAGRAM 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24—pin Plastic DIP; 
28—Pin Plastic Leaded Chip Carrier 
(450mil-wide) PLHS473SA 


ABSOLUTE MAXIMUM RATINGS! 


mE 


Storage temperature range -65 to +150 | ae | 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


October 1989 


176 


THERMAL RATINGS 


TEMPERATURE 


Allowable thermal rise ‘ 
ambient to junction 75°C 


LOGIC FUNCTION 


TYPICAL PRODUCT TERM: 
Pyh=A°B-C-D-... 


TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY =H 
Z=P0+P1+P2... 


AT OUTPUT POLARITY =L 
Z= PO+ PT + P24... 


Z=PO-Pi- P2-... 


NOTES: 


1. Foreach of the 11 outputs, either function Z (Active— 
High) or Z (Active—Low) is available, but not both. 
The desired output polarity is programmed via the 
Ex-OR gates. 

2. Z,A,B, C, etc. are user defined connections to fixed 
inputs (1), fixed output pins (0) and bidirectional pins 
(B). 
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Programmable Logic Array (20 x 24 x 11) PLHS473S 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voco < 5.25V 


LIMITS 
SYMBOL | PARAMETER TEST CONDITIONS | Min =| Typt | Max | UNIT 


Input voltage 


Voc = MIN 
Voc = MAX 
Voc = MIN, lin =-12mA 


Output voltage? 


Voc = MIN 
lot = 24mA 
lon =—2mA 


Output current 
Voc = MAX 
Vout = 5.5V 

Vout = 0.45V 

Short circuit 3. 5.6 Vout = 0.5V 


Hi-Z state? 


NOTES: 


All typical values are at Voc = 5V. Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with inputs 0 — 4 = OV, inputs 5, 7 = 4.5V, and inputs 6, 8 — 10 + 10V. 
Same conditions a Note 4 except input 8 = 4.5V. 

Duration of short circuit should not exceed 1 second. 

loc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State 
Measured at V7 = Vo, + 0.5V. 

Leakage values are a combination of input and output leakage. 


SM GO & op 
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Programmable Logic Array (20 x 24 x 11) PLHS473S 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V, R; = 200Q, Rp = 390Q 


TEST 
SYMBOL PARAMETER TO CONDITIONS 


C, = 200pF 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITIONS 


| Min | Typt | Max _| 
NOTES: 


1. All typical values are at Voc = 5V. Ta = +25°C. 
2. High-to-High impedance tests are made at an output voltage of Voy — 0.5V with R,; disconnected from +5V, and Low-to-High impedance 
tests are made at an output voltage of Vo, + 0.5V. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V— — — — 


+5V 


INCLUDES SCOPE 
AND JIG 
R CAPACITANCE 
1 
Ro CL 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Propagation delay between 
bo input and output. 


Delay between input change 
and when output is off (Hi-Z 
or High). 


Delay between input change 
and when output reflects 
specified output level 
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Programmable Logic Array (20 x 24 x 11) 


PLHS473S 


LOGIC PROGRAMMING 
The PLA can be programmed by means of 
Logic programming equipment. 


With Logic programming the AND/OR/Ex—OR 
gate input connections necessary toimplement 
the desired logic function are coded directly 
from logic equations using the Program Table 
on the following page. 


In this table, the logic state of variables |, P and 
B, associated with each Sum Term S is as- 
signed a symbol which results in the proper fus- 
ing pattern of corresponding links, defined as 
follows. 


“AND” ARRAY - (I, B) 


STATE CODE 
ponTcaARE' | - | 


“OR” ARRAY - (0, B) 


CODE 


P,, STATUS 
Inactive! | e@ | 


NOTES: 


OUTPUT POLARITY — (0, B) 


) >— 38 


ACTIVE LEVEL | CODE | 


Low! L 
(INVERTING) 


ACTIVELEVEL | CODE | 


HIGH 
(NON-INVERTING) 


P 


STATE CODE 
INACTIVE? | OO | 


VIRGIN STATE 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. All outputs are at “L” polarity. 

2. All P, terms are enabled. (Don't Cares.) 
3. All P, terms are inactive on all outputs. 


[ace [a _| 


1. This is the initial unprogrammed state of all links. 
2. Any gate P, will be unconditionally inhibited if the true and complement of either input (| or B) 


are both programmed for a connection. 
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Programmable Logic Array (20 x 24 x 11) PLHS473S 


PLA PROGRAM TABLE 


y exist 
gin state. 
all outputs (B, O) in the 
ay 


re ce ee ce ee ce ee ee ee 


nactive on 


SERRE ERRUERAREREREREREREER 
Stitt ttt tt tt i 


| 0 


INACTIVE 
as Don't Care (-) in the vir. 
3. All P-terme are i 
virgin state. 
"must be programmed as INACTIVE. 


Te FPLA Is shipped with all links open 
. Unused Gare) nine wigh state 
4. Unused product terms in the AND arr. 


iS: 
> 
>< 
= 
u 
O 


ruwcs aWVN 
JISVINWA 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # 

CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 
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@ Series 28 


DESCRIPTION 


The PLS100 (3-state) and PLS101 
(Open Collector) are bipolar, fuse Pro- 
grammable Logic Arrays (FPLAs). Each 
device utilizes the standard AND/OR/ 
Invert architecture to directly implement 
custom sum of product logic equations. 


Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con- 
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 16 inputs 
can be ANDed together to comprise one 
P-term. All 48 P-terms can be selectively 
ORed to each output. 


The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collec- 
tor or 3-state outputs for ease of expan- 
sion of product terms and application in 
bus-organized systems. 


Order codes are listed in the Ordering 
_ Information Table. 


FUNCTIONAL DIAGRAM 


May 11, 1988 


PLS100/PLS101 


Field-Programmable Logic 
Array (16 X 48 X 8) 


Signetics Programmable Logic 
Product Specification 


FEATURES 

e Field-Programmable (Ni-Cr link) 
e Input variables: 16 

e Output functions: 8 

e Product terms: 48 


e 1/0 propagation delay: 50ns 
(max.) 


e Power dissipation: 600mW (typ.) 
e Input loading: -100uA (max.) 
e Chip Enable input 
@ Output option: 
- PLS100: 3-State 
- PLS101: Open-Collector 
e Output disable function: 
- 3-State: Hi-Z 
- Open-Collector: High 


APPLICATIONS 

e CRT display systems 

e Code conversion 

e Peripheral controllers 

e Function generators 

e Look-up and decision tables 
e Microprogramming 

e Address mapping 

e Character generators 

e Data security encoders 

e Fault detectors 

e Frequency synthesizers 

e 16-bit to 8-bit bus interface 
e Random logic replacement 


PIN CONFIGURATIONS 


N Package 


C004284S 
+ Fuse Enable Pin: It is recommended that this pin 
either be left open or connected to ground during 
normal operation. 


A Package 


TYPICAL CONNECTION — 
CE N45 I1q 143 42 Nha N10 
TOP VIEW 


LDO1481S 
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Product Specification 


Field-Programmable Logic 
Array (16 x 48 xX 8) 


PLS100/PLS104 


FPLA LOGIC DIAGRAM 


Io [9 
1, [8] 
to [7] 
14, [6 | 
14 LS 
15 [4] 
16 (3) 
7 {2] 
Ig [27 
Ig [26] 
'1o 5] 
hy (24 
2 23 
143 [22 
Iq 24 
115 [20 


NOTES: 


ei (LOGIC TERMS— P) —_________________M—_-8 


ttt 


a peter tt 
PR eSGee eee eee Po aa 
Sideebemectestenseeeeseeeees eo eessreneruTitase 
epee eo eee 
BeSReeT eee eee megee Peet 
MISECCORGIAGG) 7 UCCOGRMM@ONUORUG cca ]ceccmRERl 


il cetrerf 


47e¢ee e@ © © 40 39° © © © © 0 32 31% © 0 © © © 24 Was 4% 6 4248 TE Ed wR Teeeeee Qf 


1. All AND gate inputs with a blown link float to a logic ''1"’ 
2. All OR gate inputs with a blown fuse float to logic ''0". 
3. Programmable connection. 
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Signetics Application Specific Products @ Series 28 Product Specification 


Field-Programmable Logic einore 
Array (16 X 48 X 8) S100/PLS101 


ORDERING INFORMATION The PLS100 device is also processed to 

military requirements for operation over the 

military temperature range. For specifications 
Signetics Military Data Book. 


ABSOLUTE MAXIMUM RATINGS' THERMAL RATINGS 


| 
a 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress 
rating only. Functional operation at these or any other conditions above those indicated in the operational 
and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75V <Voc <5.25V 


LIMITS 


SYMBOL PARAMETER TEST CONDITION UNIT 
Tye" | Max 


Input voltage” 


Voc = Max 
Voc = Min 
Voc = Min, lin =-12mA 


Voc = Min 
High (PLS100)* lon =-2mA 
Low® lo. = 9.6mA 


li High 
lie Low 
Output current 


lO(OFF) Hi-Z state (PLS100) CE = High, Voc = Max 
Vout = 5.5V 
Vout = 0.45V 

Short circuit (PLS100)* © CE = Low, Voyrt = OV 


los mA 


Capacitance 
CE = High, Voc = 5.0V 
Input Vin = 2.0V 
Output Vout = 2.0V 


Notes on following page. 
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Field-Programmable Logic eee 
Array (16 X 48 x 8) $100/PLS104 


AC ELECTRICAL CHARACTERISTICS R, = 4702, Ro =1kQ, Cy = 30pF, 0°C <Ta < + 75°C, 4.75V <Vec <5.25V 


ums 
SYMBOL PARAMETER So min | typ’ | max | UNIT 


Propagation delay 


Disable time 


NOTES: 

. All values are at Voc = 5V, Ta = + 25°C. 

. All voltage values are with respect to network ground terminal. 

. Test one pin at a time. 

. Measured with Vj applied to CE and a logic high stored. 

. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vcc. 
. Duration of short circuit should not exceed 1 second. 

. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 


NOS WOOD — 


May 11, 1988 184 


Signetics Application Specific Products @ Series 28 


Product Specification 


Field-Programmable Logic 


Array (16 X 48 X 8) 


PLS100/PLS104 


LOGIC PROGRAMMING 
PLS100/PLS101 logic designs can be gener- 
ated using Signetics'’ AMAZE PLD design 
software or one of several other commercially 
available, JEDEC standard PLD design soft- 
ware packages. Boolean and/or state equa- 
tion entry is accepted. 


PLS100/PLS101 logic designs can also be 
generated using the program table entry for- 
mat detailed on the following pages. This 
program table entry format is supported by 
the Signetics' AMAZE PLD design software 
(PTP module). AMAZE is available free of 
charge to qualified users. 


To implement the desired logic functions, the 
state of each logic variable from logic equa- 
tions (I, B, O, P, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, IN- 
ACTIVE, PRESET, etc., are defined below. 


"AND" ARRAY - (1) 


p 
STATE CODE 


LS02311S 


LS02010S 


P,, STATUS CODE 


NOTES: 


OUTPUT POLARITY - (F) 


LS02295S LS02305S 


ACTIVE LEVEL 


LOW 
(INVERTING) 


CODE ACTIVE LEVEL 


HIGH! 
(NON-INVERTING) 


Pp 
STATE CODE 


LS02341S 


LS02331S 


LS02020S 


P,, STATUS CODE 
INACTIVE | oe | 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 


AND gates P,. 


2. Any gate P, will be unconditionally inhibited if any one of its (I) link pairs is left intact. 
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Field-Programmable Logic PLS100/PLS104 
Array (16 x 48 x 8) 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


(INCLUDES 
SCOPE AND JIG WF05392S 
CAPACITANCE) MEASUREMENTS: 


TC01651S TC01661S All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 


TIMING DIAGRAM TIMING DEFINITIONS 


SYMBOL PARAMETER 


Delay between beginning of 


Chip Enable low (with Input 
valid) and when Data Output 
becomes valid. 
VIRGIN STATE 
The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 
1. All P, terms are disabled (inactive), in the 
AND array. 
2. All P, terms are active in the OR array. 
3. All outputs are active-High. 


1.5V 1.5V 
OV 


Delay between when Chip 
Enable becomes High and 
Data Output is in off state 
(Hi-Z or High). 


Vou 


Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 


WF06502S 


Read Cycle 
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Field-Programmable Logic 
Array (16 x 48 x 8) PLS100/PLS101 


FPLA PROGRAM TABLE 


OUTPUT ACTIVE LEVEL 
1. Polarity programmed once only. 
2. Enter (H) for all unused outputs. 


NOTES 
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signetics Section 5 
Programmable Logic 
sequencer Device 
Data Sheets 


Programmable Logic Devices 


Series 20 
PLS155 
PLS157 
PLS159A 


Series 24 
PLS167/A 
PLS168/A 


PLS179 
PLC42VA12 


Series 28 
PLC415-16 
PLS105/A 
PLUS105—40 
PLUS105-—55 


INDEX 


Programmable Logic Sequencer (16 x 45 x 12); 14MHz .... 
Programmable Logic Sequencer (16 x 45 x 12); 14MHz .... 


Programmable Logic Sequencer (16 x 45 xX 12); 18MHz .... 


Programmable Logic Sequencers (14 x 48 x 6); 14, 20MHz.. 
Programmable Logic Sequencers (12 x 48 x 8); 14, 20MHz .. 


Programmable Logic Sequencer (20 x 45 x 12); 18MHz .. 
CMOS Programmable Logic Sequencer 


(42 x 105 X 12); 25MHzZ . 0... cece eee eee cece eeees 


Programmable Logic Sequencer (17 x 68 x 8); 16MHz ..... 
Programmable Logic Sequencers (16 x 48 x 8); 14, 20MHz.. 
Programmable Logic Sequencer (16 x 48 x 8); 40MHz ..... 
Programmable Logic Sequencer (16 x 48 x 8); 55MHz ..... 


PLUS405-37/—45 


PLUS405-55 


Programmable Logic Sequencers (16 x 64 x 8); 37, 45MHz. . 
Programmable Logic Sequencer (16 x 64 x 8);55MHz ..... 
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Signetics 


DESCRIPTION 

The PLS155 is a 3-State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J—K flip—flops. 
These J-K flip—flops are dynamically con- 
vertible to D4type via a “fold—back” invert- 
ing buffer and control gate Fe. It features 
4 registered I/O outputs (F) in conjunction 
with 8 bidirectional I/O lines (B). These 
yleld variable I/O gate and register config- 
urations via control gates (D, L) ranging 
from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming |/O polarity and direction. All 
AND gates are linked to 4 inputs (I), bi- 
directional I/O lines (B), internal flip—flop 
outputs (Q), and Complement Array out- 
put (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


PHILIPS 


PLS155 


Field-Programmable Logic 
sequencer (16 x 45 x 12) 


FEATURES 
Ad fax = 14MHz 
— 18.2MHz clock rate 


@ Field—Programmable (Ni—Cr link) 
® 4 dedicated inputs 

® 13 control gates 

@ 32 AND gates 

@ 21 OR gates 


© 45 product terms: 
— 32 logic terms 
— 13 control terms 


© 8 bidirectional I/O lines 

® 4 bidirectional registers 

e J-K, T, or D-type flip-flops 

® Asynchronous Preset/Reset 

© Complement Array 

® Active—-High or —Low outputs 
@ Programmable OE control 

® Positive edge-triggered clock 
® Input loading: —100LA (max.) 
© Power dissipation: 750mW (typ.) 
© TTL compatible 

® 3—-State outputs 
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PIN CONFIGURATIONS 


N Package 


Bz GND OE Bg Bs 


APPLICATIONS 
® Random sequential logic 


® Synchronous up/down counters 
® Shift registers 

® Bidirectional data buffers 

® Timing function generators 

® System controllers/synchronizers 


© Priority encoder/registers 


PHILIPS 


Signetics Programmable Logic Devices 


Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


On-chip T/C buffers couple either True (|, B, Q) 
or Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional I/O lines (B), whose 
output polarity is individually programmable 
through a set of Ex—OR gates for implementing 
AND-OR or AND-—NOR logic functions. Simi- 
larly, any of the AND gates can drive the J-K 
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PLS155 


(CONTROL TERMS) 


inputs of all flip—flops. The Asynchronous Pre- 
set and Reset lines (P, R), are driven from the 
OR matrix. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
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(B), (Q) and programmable output select lines 
(E). 


The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Informa- 
tion Table. 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


FPLS LOGIC DIAGRAM 


a—— (LOGIC TERMS - 1 —————————__@ (CONTROL TERMS) 


b [2] Lettie tee 
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1. All OR gate inputs with a blown link float to logic ‘'0"’. 

’ All other gates and control inputs with a blown link float to logic ''1"' 
' denotes WIRE. OR. 

i “ Programmable connection. 
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Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


VIRGIN STATE FLIP-FLOP TRUTH TABLE 
The factory shipped virgin device contains all 
fusible links intact, such that: 

1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D—-mode unless other- 
wise programmed to J-K only or J-K or D 
(controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


LOGIC FUNCTION 


Q3 Q2 Qi QO 


Jo] Jo] (se) mnesewrsrare 


STATE REGISTER R-B-C:... Positive Logic: 
J—K = To + T; + To oes 86 06 0 810 © wwe 0 we 8 T34 
[eT [o] +] Gres) nexrstare T= T> (lay be s+) * (Qo Qs...) * (Bo 
- By-...) 
SET Qo: Jo = (Q3 ° G2 °Qy° Gp) A’ B-C... _ T denotes transition from Low to High level. 
Ko =0 . X =Don'tcare 
RESET Q4: J; =0 . *=ForcedatF, pin for loading the J—K flip— 
Ky = (Q3°G@_°Qy° Up) A'B-C... flop in the Input mode. The load control 


term, L, mustbe enabled (HIGH) and the p— 
terms that are connected to the associated 
flip—flop must be forced LOW (disabled) 
during Preload. 

. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 


HOLD Qo: Jg =0 
Kg=0 


NOTE: 6. * * = Forced at F, pin to load J-K flip—flop 

Similar logic functions are applicable for D independent of program code (Diagnostic 

and T mode flip—flops. mode), 3—State B outputs. 

ORDERING INFORMATION THERMAL RATINGS 


TEMPERATURE 


Maximum junction 150°C 


DESCRIPTION ORDER CODE 
20—Pin Plastic DIP (300mil—-wide) PLS155N 
20—Pin Plastic Leaded Chip Carrier PLS155A 


Maximum ambient 


Allowable thermal rise 75°C 
ABSOLUTE MAXIMUM RATINGS! ambient to junction 


RATINGS 
SYMBOL PARAMETER 


Supply woage 
Input voltage 
Output voltage 


Input currents 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typt | Max — UNIT 


Input voltage? 
High Voc = Max V 
Low Voc = Min V 
Clamp Voc = Min, Iw =—12mA 0.8 Vv 
Output voltage? 


Vou H ig h 
Vo Low 


Input current 


ly High 
Me Low 


Output current 


Voc = Max 

lo(orF) Hi-Z state® § Vout = 5.5V 
Vout = 0.45V ~140 

Short circuit?: 7 Vout = OV 


ee 


Capacitance 

Cin pF 

Cout pF 
NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 

Measured with Vj, applied to OE. 

Duration of short circuit should not exceed 1 second. 


Ao nS oh = 


May 11, 1988 195 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


AC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Voc $ 5.25V, Ry =470Q, Ro = 1kQ 


LIMITS 
SYMBOL PARAMETER TO TEST CONDITION 


ts) 
toa | Clocktow TK K+ = 80pF | a0 | 20 
tow | Period | Ke TK |= apr | | so | ns 
po {| o | | | 


Preset/Reset pulse (1,B) - (1,B) + C, = 30pF 


Pond 
Uv 
Pe) 
as 


Input (through 
Complement Array)é (18) a jail ps |e 


ren oe eee ae ee eS 


Propagation delays 


Output enable 


Ic 
lo 
to 


oe) 
Cc 
| 
5 
Q. 
& 
Sa 
® 
wo 
: 
P 
+ 


KO 
E1 
D1 

tog2 

top2 


NOTES: 

1. All typical values are at Vcc = 5V, Ta = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. Measured at V7 = Voc, + 0.5V. 

4. When using the Complement Array tcxp = 95ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following pages. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


TIMING DIAGRAMS TIMING DEFINITIONS 


cr [Wah fnew dockpase 
cc. rrateweon dock pues 


Ic 
Ic 
Required delay between 
tis beginning of valid input and 
positive transition of clock. 
Required delay between 
t beginning of valid input forced 
at flip—flop output pins, and 
positive transition of clock. 
Required delay between 
tiny positive transition of clock and 
end of valid input data. 
lo 
lo 


KH 
KL 
is2 
E1 
D1 
top2 


1,B 
(INPUTS) 


F 
(OUTPUTS) 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip—flop output pins. 


Flip-Flop Outputs Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


tog2 


1,B 
(INPUTS) 


Propagation delay between 
combinational inputs and 
outputs. 


B 
(OUTPUTS) 


Delay between predefined 
Output Enable High, and 

when combinational outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 

the OFF-State. 


Gate Outputs 


Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip—flop outputs 

become valid. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) 


TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


Ons MIN. 


*PRESET RESET 


(i, 8 INPUTS) 
(PRESET) a 
(RESET) = 


c (RESET) 
(OUTPUTS) ~ {PRESET) 


1.5V 


_ 


VOL 


WF05491S 


* The leading edge of preset/reset must occur only when the input clock is ‘‘low'', and must remain ''high'’ as long as 
required to override clock. The falling edge of preset/reset can never go ‘'low'' when the input clock is ‘high’. 


Asynchronous Preset/Reset 


1B 
(LOAD SELECT) 


& 


f 


eee ee —-/| 


(INPUTS) (FORCED Dn) 


tis2 TiH2 


tCKH 


®\XQQ AK 


Flip-Flop Input Mode 


WF05501S 
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Signetics Programmable Logic Devices 


Field-Programmable Logic Sequencer (16 x 45 x 12) 


LOGIC PROGRAMMING 

PLS155 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fc, L, P, R, Din 


[acnves® [0 


“COMPLEMENT” ARRAY - (C) 


ACTION 


INACTIVE! 3 5 


ACTION 


J-K OR D 
(CONTROLLED) 


Notes on following page. 
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PLS155 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


(T, Fo, LP, R, Din 


Product Specification 


PLS155 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(1, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


(T, Fo, L P, R, Diy 


STATE CODE 


L 


199 


(Th, Fe) 


ACTION CODE 
PROPAGATE } 8 


TRANSPARENT 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


“OR” ARRAY - (Q,, = D-Type) 


M = DISABLED \ 7 
O 


“OR” ARRAY — (S or B), (P), (R) “EX-OR” ARRAY -— (B) 


Tn 
P,R,S 
i (OR B) 
pA 


“OE” ARRAY - (E) 


En 


NOTES: 

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fc. 

E, =O and E, = ®@ are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


ae ON = 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155 


FPLS PROGRAM TABLE 


CONTROL NOTES 
= eS SS Se —| = SS SSS SS SS SS SSS SS Ss 1. Tne FPLS is shipped with all links intact. Thus a back- 


PRB) ground of entries corresponding to states of virgin 

reo te eam (Q =D) KOO ta / links exists in the table, shown BLANK for clarity. 

(controtied) 2. Program unused C, |, B, and Q bits in the AND array as 
(—). Program unused Q, B, P, and R bits in the OR 


array as (—) or (A), as applicable. 
3. Unused Terms can be left blank. 


4. Q(P) and Q (N) are respectively the present and next 
states of flip-flops Q 


“ 
° 
© 
i?) 
\ i 
m 
eo) 


yn 
m 
~ 
=x 


zim 
a 
° ~ 
| rc 


THIS PORTION TO BE COMPLETED BY SIGNETICS 


CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 


DATE RECEIVED 
COMMENTS 


[4] 3] 2frofieiis}12j 9 |e] 7/6 fiz} 16] 15] 14] 


1e] O;ririmn CS) LS) = 


TOTAL NUMBER OF PARTS 


PURCHASE ORDER # 
SIGNETICS DEVICE # 
PROGRAM TABLE # 


CUSTOMER NAME 


TBO1211S 
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DESCRIPTION 

The PLS157 is a 3—State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-—K flip—flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a “fold—back” invert- 
ing buffer and control gate Fe. It features 
6 registered I/O outputs (F) in conjunction 
with 6 bidirectional I/O lines (B). These 
yield variable I/O gate and register config- 
urations via control gates (D, L) ranging 
from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming |/O polarity and direction. All 
AND gates are linked to 4 inputs (I), bidi- 
rectional I/O lines (B), internal flip—flop 
outputs (Q), and Complement Array out- 
put (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


PHILIPS 


PLO? 


Field-Programmable Logic 
Sequencer (16 x 45 x 12) 


FEATURES PIN CONFIGURATIONS 
© fuax = 14MHz N Package 
— 18.2MHz clock rate 


® Field—Programmable (Ni—Cr link) 
@ 4 dedicated inputs 

® 13 control gates 

@ 32 AND gates 

@ 21 OR gates 


© 45 product terms: 
— 32 logic terms 
— 13 control terms 


® 6 bidirectional I/O lines 

® 6 bidirectional registers 

© J-K, T, or D-type flip—flops 

@ 3—-State outputs 

e Asynchronous Preset/Reset 
© Complement Array 

@ Active—High or —Low outputs 
@ Programmable OE control 

® Positive edge-triggered clock 


@ Input loading: —100L1A (max.) B3 GND DE By Fo 


© Power dissipation: 750mW (typ.) 


APPLICATIONS 
© Random sequential logic 


@ TTL compatible 


® Synchronous up/down counters 
© Shift registers 

© Bidirectional data buffers 

@ Timing function generators 

@ System controllers/synchronizers 


® Priority encoder/registers 


PHILIPS 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


0 
iq Yi 
CI 


On-chip T/C buffers couple either True (|, B, Q) 
or Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
drives bidirectional I/O lines (B), whose output 
polarity is individually programmable through a 
set of Ex—OR gates for implementing AND—OR 
or AND-NOR logic functions. Similarly, any of 
the 32 AND gates can drive the J—K inputs of 
all flip—flops. The Asynchronous Preset and 
Reset lines (P, R), are driven from the ANSD 
array for 4 of the 8 registers. The Preset and 
Reset lines (P, R) controlling the lower four reg- 
isters are driven from the OR matrix. 
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(CONTROL TERMS) 


AF01891S 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
(B), (Q) and programmable output select lines 


(E). 


The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Informa- 
tion Table. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS157 


FPLS LOGIC DIAGRAM 


(LoGic TERNS —1T) -——________—__g (CONTROL TERNS) ——. 


2] Losses pire} eget 
EI 
bh 
Is} 5 Fe 
f LRMOMER Minne  S40nR. 
URI eso Uonor 
TD 
TT Cr 
: UARLONIBLINUIIGt inn 6 oer 
Or 
LALLA MOUNILI MI Eno? ee oodles 
TUT CT Ty 
AUULMUMIRLAAIIR Et Reo OL oR, 
HUMMING ee 66soR, 
OU 
SD 


Geert gS 


PT oe SCT Lol 

PT Some cane 0n 

rTP En 

rn 

nT " 

3 ir * 

tT TMT TT = TT op a 
TTT Te HTT 


HT TT TT | {ie ~ 
. EEE 


ee * 
ES a 
TET cece. Sane a ay 


NOTES: 
1. All OR gate rhe yrcabe ae link float to logic ''0" 
nd c | inputs with a blown link float to logic "4" 
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VIRGIN STATE FLIP-FLOP TRUTH TABLE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D—mode unless other- 
wise programmed to J—-K only or J-K or D 
(controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


LOGIC FUNCTION 


Q3 Q@2 Q1 QO 
[Tos [o] (sa) mnesenrsrare 
NOTES: 
A-B-C-... 1. 


STATE REGISTER 


= 
x 

io 
x 
< 
— 
si 


x< 
~< 
x 
r— 


ce 
= 

L 

L 

L 

L 

L 

H 

H 


Positive Logic: 
J—K = To + T; + To i Poros wits os bee. ORS T34 


Tofolo|: Ene) NEXT STATE Ty =Cr(lo-ly-lo..) s(Qo-Q, ...) (Bo 

- By * aes) 

SET Qo: Jo = (Q3 * G2°Q,° Up): ABC... T denotes transition from Low to High level. 

Ko =0 X = Don't care 

RESET Q,: J; =0 * = Forced at F, pin for loading the J—K flip— 

K1 = (Q3: G2‘ Q,°G)-A-B-C... flop in the Input mode. The load control 
term, L, must be enabled (HIGH) andthe 
iia. terms that are con sar the eoane 


~ ON 


Ko=0 ; . 
flip—fi ust be forced LOW (disabled 
TOGGLE Q3: J3 =(Q3° 2° Qy-Gp)-A-B-C... ait Aicioad ( ) 
Kg =(Q3° G2" Qi" Go) "ABC... | 5 atp=R=H, Q=H. The final state of Q 
depends on which is released first. 
NOTE: 6. * * = Forced at F, pin to load J—K flip—flop 
Similar logic functions are applicable for D independent of program code (Diagnostic 
and T mode flip—flops. mode), 3—State B outputs. 
ORDERING INFORMATION THERMAL RATINGS 


TEMPERATURE 


20-Pin Plastic DIP (300mil—wide) 
20—Pin Plastic Leaded Chip Carrier 
Allowable thermal rise 


ABSOLUTE MAXIMUM RATINGS! ambient to junction 


SYMBOL PARAMETER | Min | Max 
| 


Voc Supply voltage rd 


Maximum junction 


Maximum ambient 


Ca 
[oupurvetess i 

[ouputarens i 
es Se 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Tag < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typ? | Max — UNIT 
Input iin ll 
Voc = Max Vv 
Voc = Min 0.8 V 
Voc = Min, lin =-12mA —0.8 —1.2 V 


Output voltage? 


Voc = Min 
Vou High lo =-OmA 2.4 V 
VoL Low lot = 10mA 0.35 0.5 V 


Vi High Vin = 5.5V <1 80 LA 
he Low VIN = 0.45V -—10 —100 LA 


Output current 


Voc = Max 

lo(orF) Hi-Z state & Vout = 5.5V 
Vout = 0.45V ~140 

Short circuit: 7 Vout = OV 


Pics [es eye i 0 


Capacitance 


Cin Input = 2. 8 pF 
Court Output = 2. 15 pF 


NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 

Measured with V\, applied to OE. 

Duration of short circuit should not exceed 1 second. 


NOS Oh 


May 11, 1988 206 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (16 x 45 x 12) PLS157 


AC ELECTRICAL CHARACTERISTICS 0°C < Ty, < +75°C, 4.75V < Voc $ 5.25V, Ry =470Q, Ro = 1kQ 


LIMITS 


Pulse width 


OO 
a 
[eves ee foes ene me 


Setup time® 
tiso Input (through F,,) CK + C, = 30pF ree 10 


Input (through 
pea Array)4 (1,B) + CK + C, = 30pF 
Hold time 


Propagation delays 


NOTES: 


. All typical values are at Vcc = 5V, Ta= = +25°C. 

To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

Measured at Vy = Vo, + 0.5V. 

When using the Complement Array tcxp = 95ns (min). 

Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
For test circuits, waveforms and timing diagrams see the following pages. 


oy 


Aes 
|+ 
ee 
|+ 
QO 
AS 
i 
w 
fo) 
Be) 
=i 


_ 


AnRwON— 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V —— —— 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


Required delay between 
beginning of valid input and 
positive transition of clock. 


1,B 
(INPUTS) 


tist 


Required delay between 
beginning of valid input forced 
at flip—flop output pins, and 

positive transition of clock. 


tisa 


F 
(OUTPUTS) Required delay between 


positive transition of clock and 
end of valid input data. 


tH 


Required delay between 
positive transition of clock and 
end of valid input data forced 

at flip—flop output pins. 


tie 


Flip-Flop Outputs Delay between positive 
transition of clock and when 
outputs become valid (with 


OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


,B 
(INPUTS) 


Propagation delay between 
combinational inputs and 
outputs. 


B 
(OUTPUTS) 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


tog2 


,B 
(OUTPUT 
ENABLE) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


top2 


Gate Outputs 


Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip—flop outputs 
become valid. 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


“PRESET RESET 


(1, B INPUTS) 


(PRESET) ian ihre 
CX er XT 


t pRO 


1.5V 


F , (RESET) 
(OUTPUTS) (PRESET) 


VOL 


WF05491S 


* The leading edge of preset/reset must occur only when the input clock is "'low'', and must remain "'high'' as long as 
required to override clock. The falling edge of preset/reset can never go ''low'' when the input clock is "high". 


Asynchronous Preset/Reset 


,B 
(LOAD SELECT) 


a 


oe oe oe oe oe ee oe of | 


| 
‘ | 
FOR 


top tis2 tine 


tCKH 


WU =” 


Flip-Flop Input Mode 


WF05501S 
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LOGIC PROGRAMMING 

PLS157 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fc, L, P, R, Din 


STATE CODE 


“COMPLEMENT” ARRAY - (C) 


(Th, Fo) 


ACTION CODE 


STATE CODE 


ACTION CODE 
GENERATE® | oA | 


PLS157 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


(T, Fc, LP, R, Din 


(Tr Fe) 


“OR” ARRAY — (F-F CONTROL MODE) 


J-K OR D 
(CONTROLLED) 


Notes on following page. 
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(T, Fc, LP, R, D)n 


STATE CODE 


(Th Fc) 


ACTION CODE 
PROPAGATE fe 7 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


(T, Fc, L, P, R, Din 


[eowrcane [= 


(Tr, Fo) 
xerion | e008 
TRANSPARENT p= | 
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“OR” ARRAY - (Q,, = D-Type) 


Tn 


M = ENABLED “4 
O 
>é 
ay, 


T, STATUS CODE Ty STATUS | CODE | 
ACTIVE (Set) za INACTIVE (Reset) foe | 


“OR” ARRAY - (Q,, = J-K Type) 


M = DISABLED s/f 


ACTION CODE 


“OR” ARRAY - (S or B), (P), (R) 


Th 
P,R,S 
(OR B) 


Tn STATUS CODE Tn STATUS 
ACTIVE! INACTIVE 


“OE” ARRAY - (E) 


- / 
En 


En 
ACTION CODE CODE ACTION 


neon [one 
ee 
NOTES: 


. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fc. 

E, = Oand E, = ® are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


a: 


Oh Ono 
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FPLS PROGRAM TABLE 


CONTROL OTES 
The FPLS Is shipped witn all links intact. Thus a back: 
p.r.8o.1 ex _ ground of entries corresponding to states of virgin 
8.0 THT ‘we = FIF MOOE links exists in the table, shown BLANK for clarity 


OON'T CARE _ 


eae i“ Program unused C,!, B,and Q bits in tne AND array as 


(—). Program unused Q, B, P, and R bits in the OR 
| array as (—) or (A), as applicable 

Unused Terms can be left blank 

| Q (P) and Q (N) are respectively the present and next 
| 

| 


POL) 
; states of flip-flops Q 


THIS PORTION TO BE COMPLETED BY SIGNETICS 


CF (XXXX) 


_ 
MN N 


CUSTOMER SYMBOLIZED PART # 


Q 
WwW 
= & 
Or 
w= 
ao WwW 
wy = 
- = 
x O 
Q O 


rc n N 


TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


PURCHASE ORDER # 

SIGNETICS DEVICE # 
FERRE 

SeEEREE 


CUSTOMER NAME 


TBO01350S 
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DESCRIPTION 

The PLS159A is a 3—State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J—K flip—flops. 
These J-K flip-flops are dynamically 
convertible to D-type via a “fold—back” 
inverting buffer and control gate Fe. It fea- 
tures 8 registered I/O outputs (F) in con- 
junction with 4 bidirectional I/O lines (B). 
These yield variable I/O gate and register 
configurations via control gates (D, L) 
ranging from 16 inputs to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), bidi- 
rectional I/O lines (B), internal flip—flop 
outputs (Q), and Complement Array out- 
put (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


PLS159A 


Field-Programmable Logic 
Sequencer (16 x 45 x 12) 


FEATURES 
@ High-speed version of PLS159 


9S fax = 18MHz 
— 25MHz clock rate 


@ Field—Programmable (Ni-Cr link) 
e 4 dedicated inputs 

© 13 control gates 

@ 32 AND gates 

@ 21 OR gates 


@ 45 product terms: 
— 32 logic terms 
— 13 control terms 


© 4 bidirectional I/O lines 
© 8 bidirectional registers 
e J-K, T, or D-type flip—flops 


® Power-on reset feature on all 
flip—flops (F, = 1) 


e Asynchronous Preset/Reset 

® Complement Array 

® Active—High or —Low outputs 

@ Programmable OE control 

® Positive edge-triggered clock 

® Input loading: —100L.A (max.) 

© Power dissipation: 750mW (typ.) 
© TTL compatible 

® 3-State outputs 


PIN CONFIGURATIONS 
N Package 


A Package 


Bz GND OE Fo Fy 


APPLICATIONS 
@ Random sequential logic 


@ Synchronous up/down counters 
® Shift registers 

© Bidirectional data buffers 

® Timing function generators 

@ System controllers/synchronizers 


© Priority encoder/registers 


PHILIPS 


PHILIPS 
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PLS159A 


FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


(CONTROL TERMS) 


clo o| ® 


On-chip T/C buffers couple either True (1, B, Q) 
or Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional I/O lines (B), whose out- 
put polarity is individually programmable 
through a set of Ex—OR gates for implementing 
AND-OR or AND-NOR logic functions. Simi- 
larly, any of the 32 AND gates can drive the J-K 
inputs of all flip-flops. There are 4 AND gates 
for the Asynchronous Preset/Reset functions. 


All flip—flops are positive edge—triggered and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
(B), (Q) and programmable output select lines 


(E). 


The PLS159A is field-programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


VIRGIN STATE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip-flops are in D—-mode unless other- 
wise programmed to J—K only or J—K or D 
(controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 
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FLIP-FLOP TRUTH TABLE 


T 
tT 
NOTES: 
1. Positive Logic: 
JK. = lot Ty #19 asiuceseenscsecs xs T31 
Ty =O: (Ig- ty - Io...) - (Qo - Q; ...) - (Bo 
* Bat wos) 
2. T denotes transition from Low to High level. 
3. X =Don'tcare 
4. * = Forced atF, pin for loading the J-K flip— 


flop in the Input mode. The load control 
term, L, must be enabled (HIGH) and the p— 
terms that are connected to the associated 
flip—flop must be forced LOW (disabled) 
during Preload. 

5. AtP = R=H, Q =H. The final state of Q 
depends on which is released first. 

6. * * = Forced at F, pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3—State B outputs. 
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LOGIC FUNCTION 


Q3 Q2 Qi QO 


STATE REGISTER 


eTeTe [+] Ge) sexrsare 


SET Qo: Jo = (Q3 ° Gp Qy°Gp)-A-B-C... 
Kg=0 
RESET Q4: J; =0 
Ky = (Q3° Ga‘ Qy°%)‘'A’B-C... 
HOLD Qo: Jo =0 
Kp =0 
TOGGLE Q3: J3 = (Q3 °° G2°Q;°G)°A-B-C... 
K3 = (Q3° Gp Q;y°Q)'A-B-C... 


PRESENT STATE 
A‘ B*C-.. 


NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 


CAUTION: PLS159A 
PROGRAMMING ALGORITHM 


The programming voltage required to program 
the PLS159A is higher (17.5V) than that re- 
quired to program the PLS159 (14.5V). Conse- 
quently, the PLS159 programming algorithm 
will not program the PLS159A. Please exercise 
caution when accessing programmer device 
codes to insure that the correct algorithm is 
used. 
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FPLS LOGIC DIAGRAM 


oe _ (LOGIC TERMS — T) ———————_8 (CONTROL TERMS) ————--_-_—-8_ 0€ 


| 
WO L2HRP ee a ee eee * 
Ree R she Shee eee ese ss Ee a ee = 


i. oy LA a6 ss 009 96 ie ee oo ‘ cot 
“TAT Th —_ 
TR ore are: 

TTT Se Ssseerse 


| TTT TL a Pe I0 * 
19] F, 


HE cg —t 
(hn ae 


eee ii -_ 


ef ie 
I in et th 


HE a an oo as 
ia + ene 


HH > gap I 
HEACHRRC HHI = — 2 a a 


CK o—~<—{7)] CK 


LD01681S 


1. All OR gate inputs with a blown link float to logic "0". 

2. All other gates and control inputs with a blown link float to logic ''1"’. 
3. © denotes WIRE-OR. 

4. =» Programmable connection. 
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ORDERING INFORMATION THERMAL RATINGS 
TEMPERATURE 


DESCRIPTION ORDER CODE 
20—Pin Plastic DIP (300mil—wide) PLS159AN 
20-Pin Plastic Leaded Chip Carrier PLS159AA 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER 


| Min | 
a 
CVn | Wputvotge ———SSSCSC~iSC“‘COdrCS 
a SO 
Pw | Input currents +30 
Pian | Oupscuens ——SSS*dCSCSCS*d?Ct mm 
Ta | Operaingtomperawrorarae |_| 75 | 0 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage? 


High Vcc = Max 
Low Vcc = Min 
Vie Clamp Voc = Min, liy =-12mA 


Output voltage? 


Vou High Voc = Min, lou = -—2mA 
VoL Low lo. = 10mMA 


hw High Voc = Max, Vin = 5.5V 
Ve Low VIN = 0.45V 


Output current 


lO(OFF) Hi-Z state* ” Vec = Max, Vout = 5.5V 
Vout = 0.45V 
los Short circuit? > Vout = OV 


icc] Voosvppieuren® «|e ——SCdSSC*dtC ic | 


Capacitance 


Cin Input Voc = 5.0V, Vin = 2.0V 8 pF 
Cout Output Vout = 2.0V 15 pF 
NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vj, applied to OE. 

Duration of short circuit should not exceed 1 second. 

loc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
. Leakage values are a combination of input and output leakage. 


NPS ON 
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AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc $< 5.25V, R; =470Q, Ro = 1kQ 


LIMITS 


Pulse width 

Pew | Ooatmoh dT OK OOK CYC OT Te] (Ud | 
Pica | Cektow dP dC mmr | wm] || 
a SO 
Tioms | PresevResetpuse | 08- | We | crow | 3 | © | | ms _ 
Setup time® 

ee eee ee ec ee ee eee 
Cepek ei *i i= 
Poe fC me | OT mr TT] 
ee | towrmeoonra fre | oe | arom | = fw] [= 


Clock 


NOTES: 

1. All typical values are at Voc = 5V, Ta = +25°C. 

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

3. Measured at V7 = Vc, + 0.5V. 

4. When using the Complement Array tcxp = 75ns (min). 

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


+3.0V — — — — 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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TIMING DIAGRAMS TIMING DEFINITIONS 


is , 


‘ Required delay between 
(OUTPUTS) ; beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 


Required delay between 
Flip-Flop Outputs positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip—flop output pins. 


1,8 
(INPUTS) 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


) 
(OUTPUTS) 


Delay between beginning of 
1B Output Enable Low and when 

(OUTPUT outputs become valid. 
ENABLE) 

Delay between beginning of 

Gate Outputs Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip—flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 
when combinational outputs 
become valid. 


,B 
(INPUTS) 


Delay between predefined 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and 
when flip—flop outputs 


Power-On Reset become valid. 
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TIMING DIAGRAMS (Continued) 


1,8 
(INPUTS) 


—IWS an 


tis1 CKO 
PRESET/RESET 1.5 


(I, B INPUTS) 


(PRESET) 
(RESET) 


oui 1.5V sea 
( ) (PRESET) 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tjs4 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


1,8 
(LOAD SELECT) ee a 


(INPUTS) 


tis2 tin2 


tCKH 


XX QAR 


Flip-Flop Input Mode 


WF05501S 
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PLS159A 


LOGIC PROGRAMMING 

PLS159A logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


“AND” ARRAY - (1), (B), (Qp) 


(T, Fc, L, P, R, Dy 


STATE CODE 


(Tp, Fc) 


nein | CDE | 


ENABLED “4 
a. 


J-K OR D 
(CONTROLLED)! 


Notes on following page. 


May 11, 1988 


[xenon [008 | 
[enenare® [A 


PLS159A logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


(T, Fc, L P, R, Dn 


(Tr Fe) 


PROPAGATE 


DISABLED A / M= ENABLED \ / 
O 


Tn STATUS CODE 
active sey! | A _| 


CAUTION: 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(I, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


(Tf, Fc, L, P, R, Dn 


STATE CODE 


(Tr Fo) 


ACTION 
TRANSPARENT 


Tn STATUS CODE 
INACTIVE (Reset) | oe | 


THE PLS159A Programming Algorithm is different from the PLS159. 
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“OR” ARRAY - (Q,, = J-K Type) 


M = DISABLED 4 
O 
>-¢ 


ACTION 


HOLD 


“OR” ARRAY - (S or B) 


Tn 


T,, STATUS CODE Ty STATUS CODE 
ACTIVE! INACTIVE } 8 


“OE” ARRAY - (E) 


[mies [0 ewe [| | [ose [ - | 


NOTES: 

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fe. 

E, =O and E, = ® are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


aR wn 
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FPLS PROGRAM TABLE 


CONTROL 
a, Ce 


— 
pn. 810). | 
Coo ee 


_ 


JiK 


FIF MOOE 
JK of O la 
(controtied) 


Nh 


(— 


Q | 
sia 


RESET 


TOGGLE ° 
L 


(Q = J/K) 


PROPAGATE e 


| 
| 
| 
| 


THIS PORTION TO BE COMPLETED BY SIGNETICS 


CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 


DATE RECEIVED 
COMMENTS 


s 
SERRE REE 
Se REREAD 
[4]3} 2] oe] 6] 7{6 jrojre}17] 16] 15] 14] 13 | 12 


” 
| oe 
c 
a 
u * 
O w 
aad 
ca 
oOo < 
sr 
35 = 
2 é 
an | 
E38 
- o 


[22 | 
(23 | 
[24 | 
25 | 
| 26 | 
28 | 
| 20 | 
Es 
31 
| Pe 
[Re | 
cs 
Pa 
Aa | 
ca 
[02 
| On 
[D0 
ae 


PURCHASE ORDER # 
SIGNETICS DEVICE # 


CUSTOMER NAME 
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NOTES 
The FPLS is shipped with all links intact Thus a Dack- 
ground of entnes corresponding to states of virgin 
links exists in the table. shown BLANK for Clarity 

Program unused C,!. B.and Q bits in tne AND array as 


array aS (—) Or (A). aS applicable 
Unused Terms can be left Diank 


Product Specification 


). Program unused Q. B. P. and R bits in the OR 


P) and Q (N) are respectively the present and next 


tes of flio-flops G 
es eS 


pH) 0) 
7] eo] sie{af2tsjofsi2 {ito 


TB01291S 


PLS159A 


—_—— 


Signetics 


ECN No. 


DESCRIPTION 

The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of 
the Mealy type. The Field—Programmable 
Logic Sequencers (FPLS) contain logic 
AND/OR gate arrays with user program- 
mable connections which control the in- 
puts of on-chip State and Output 
Registers. These consist respectively of 8 
Qp, and 4 Q; edge-triggered, clocked S/R 
flip-flops, with an asynchronous Preset 
Option. 


All flip—flops are unconditionally preset to 
“1” during power turn-on. 


The AND array combines 14 external 
inputs, lo_13, with 8 internal inputs, Po_7, fed 
back from the State Register to form up to 
48 transition terms (AND terms). In addi- 
tion, Po and P, of the internal State Regis- 
ter are brought off-chip to allow extending 
the Output Register to 6 bits, if so desired. 


All transition terms can include True, 
False, or Don’t Care states of the control- 
ling variables, and are merged in the OR 
array to issue next-state and next—output 
commands to their respective registers on 
the Low-to—High transition of the Clock 
pulse. 


Both True and Complement transition 
terms can be generated by optional use of 
the internal variable (C) from the Comple- 
ment Array. Also, if desired, the Preset 
input can be converted to output—enable 
function, as an additional user program- 
mable option. 


Order codes are listed in the Ordering 
Information Table. 


PHILIPS 


Document No. 
Date of Issue 


PLS167/A 


Field-Programmable Logic 
sequencers (14 x 48 x 6) 


FEATURES 


® fyuax = 13.9MHz — PLS167 
20MHz — PLS167A 
— 20MHz clock rate — PLS167 
25MHz clock rate — PLS167A 


@ Field—Programmable (Ni-Cr link) 


@ 14 True/Complement buffered 
inputs 


®@ 48 programmable AND gates 

@ 25 programmable OR gates 

® 8-bit State Register 

@ 2-bit shared State/Output Register 
® 4-bit Output Register 

® Transition Complement Array 


© Programmable Asynchronous 
Preset/Output Enable 


® Positive edge-triggered clock 


®@ Power-on preset to logic “1” of all 
registers 


® Automatic logic “HOLD” state via 
S/R flip-flops 


© On-chip Test Array 

© Power: 600mW (typ.) 

© TTL compatible 

® 3-State outputs 

© Single +5V supply 

@ 24-pin DIP 300mil-wide 


APPLICATIONS 

@ Interface protocols 

® Sequence detectors 

® Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Security locking systems 
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PIN CONFIGURATIONS 
N Package 


A Package 


lg Is Ig CK Voc l7 


F, Fo GND Fz Po Py PRIDE 
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FUNCTIONAL DIAGRAM 


L001151S 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High 
this line is necessary to update the contents of both registers. 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active—High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active—High/Low 
exercised with standard TTL levels. When lg is held at +10V, device outputs Fy _ 3 and 

Po _ 1 reflect the contents of State Register bits P2_7 (see Diagnostic Output Mode dia- 

gram). The contents of flip—flops Pp _ 1 and Fg_ 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active—High 
Output Register bits Qo _ 3, when enabled. When lg is held at +10V, Fo_3 = (Po_5). 


Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active—High 
State Register bits, or most significant Output Register bits. When lo is held at +10V, Po_ 
= (Pg-7). 


Preset or Output Enable Input: A user programmable function: 


e Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active—High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pp _ 7 and Fo_ 3 

are High. Normal clocking resumes with the first full clock pulse following a High—to—Low ~ 

clock transition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers. Active—Low (L) 
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FPLS LOGIC DIAGRAM 


(LOGIC TERME —) —————__._._.______._.... 4 


| | \ ! 


[8] {SUSI0GEGA SUES SSS SSTS ETON EE Re ES 
Sesame mee ee ea oe ae OS a a as SB a a as a a. 


“<a 
Ei peceecereercereerens 
cpeaianiieerminiaritie 
MuGuOGcUSs enn sonia eoenEeau aeesar 

hn 2 saber Se coe ssaemortatevastaravesrtatermersea: 


hs |17 


ere nee teen 


anit 
StH TLE HL 


tet 
e Her Ee eo inne 
PRGnooee EEE oH a, 
SEEELASMGIOEIEBELE LAM EEAGAIMOLALCAEMIRLIOAES BD 
lL rc cL lL Kal Q, 
HSSILAE ME TESS IFAT HUGaGOA TUGMLOOGISTLAOOGGIb 
me - 
SAGAEEGAGSALGMALGAAGAMTSE TESTO suites 
D LR a 


| 
PERSE ROY Ms'ne neue BD Al canny ae 2h Mpascseants WBceceeees of ae eve 


ie] 
ms Hy oo 
L bo 
i ol 
E 1d 
Lo 
aitiett 
Lo 


LD02282S 


NOTES: 

1. All AND gate inputs with a blown link float to a logic ''1". 
2. All OR gate inputs with a blown fuse float to logic ''0"'. 
3. Programmable connection. 
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TRUTH TABLE 1: 2; 3,4, 5, 6 LOGIC FUNCTION 
S 
H X X 
X X 
X X STATE REGISTER A°B-C-... 
H X Xx oon Ens) NEXT STATE 
- : 7 fe fots 
L X X 
L T L SET Qo: So = (2° Qy° Gp): A-B-C... 
L T q a 
t RESET Q;: S; =0 
L H Ry =(G2°Q;,°'Go)-A-B-C... 
: i é HOLD Qo: So = 0 
:932= 
x x me 
NOTES: 
1. Positive Logic: 
S/R =To +1, +To+... 147 VIRGIN STATE 
Th = C(Io Ih Io...) (Po Py... P7) The factory shipped virgin device contains all 
2. Either Preset (Active—-High) or Output Enable (Active—Low) are available, but not both. The fusible links intact, such that: 
desired function is a user—programmable option. 1. PR/OEoptionis setto PR. Thus, all outputs 
3. T denotes transition from Low-—to—High level. will be at “1”, as preset by initial power-up 
4. R=S =Highis an illegal input condition. procedure. 
5. “=H orl or +10V. 2. All transition terms are disabled (0). 
6. X = Don't Care (<5.5V) 


3. All S/R flip—flop inputs are disabled (0). 
4. The device can be clocked via a Test 


ORDERING INFORMATION Array pre-programmed with a standard 


test pattern. 
DESCRIPTION ORDER CODE NOTE: The Test Array pattern MUST be 
24—Pin Plastic DIP (300mil—wide) PLS167N, PLS167AN 


deleted before incorporating a user pro- 
28—Pin Plastic Leaded Chip Carrier PLS167A, PLS167AA 


gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


ABSOLUTE MAXIMUM RATINGS" THERMAL RATINGS 
TEMPERATURE 


RATINGS 


PARAMETER 
Supply voltage 
Input voltage 


Output voltage 
Input currents 
Output currents 


Operating temperature range 


J 
ro) 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Tg < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typ? | Max | UNIT 


Input voltage? 


Vin i Voc = Max V 
Vin Voc = Min V 
Vic Voc = Min, lw =—12mA —0.8 V 


Output voltage? 


Voc = Min 
Vou High‘ lou =—2mA V 
VoL Low® lo. = 9.6mA 0.35 V 
hy High =v. <1 80 LA 
he Low =. -10 —100 LA 
re Low (CK input) = 0. —50 —250 LA 


Output current 


Voc = Max 

— Hi-Z state®: 6 Vout = 5.5V 
Vour= ABV 

Short circuit? 7 Vout = OV 


or 


Capacitance® 
Cin Input pF 
Court Output pF 
NOTES: 
1. All typical values are at Voc = 5V, Ta = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one ata time. 
4. Measured with Vj, applied to OE and a logic high stored, or with V4 applied to PR. 
5. Measured with a programmed logic condition for which the output is at a low logic level, and Vj, applied to PR/OE Output sink current is 


supplied through a resistor to Vcc. 

Measured with Vi applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 

loc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


2 
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta < +75°C, 4.75°CV < Voc < 5.25V 


SYMBOL PARAMETER prot |e 


Pulse width? 


Clock? High CK + 
Clock Low CK — 
Period (without Complement Array) Output +/— | Input +/— 
Period (with Complement Array) Output +/— | Input +/— 
Preset pulse PR+ PR- 


Input 
Input 
Input 
Input (through Complement Array) 
Input (through Complement Array) 
Input (through Complement Array) 


Power-on preset 
Preset 


Ce [ee SSC~—~—sSs sd Ps Tw OT) Cd 


Propagation delay 
Clock 


Output + 


Output enable Output — 
Output disable Output + 
Preset Output + 


Power-on preset Output + 


Frequency of operation? 


fuaxC Without Complement Array 13.9 20.0 MHz 
fuaxC With Complement Array 9.8 12.5 MHz 
NOTES: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
3. See “Speed vs. OR Loading” diagrams. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


CL 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circut delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


October 16, 1989 228 


— -— 


Signetics Programmable Logic Devices 


Field-Programmable Logic Sequencers (14 x 48 x 6) 


TIMING DIAGRAMS 


Asynchronous Preset 


Voc 
tppr 


AY \} 1.5V (F,) =1 1.5V ( 
Fo3/Po1 : | 
; ree 
CKP 
sv} 1.5V 1.5V 


CLK @#e@ tan awian a at t 
= CKH 
tvs 


F, =1) 


WF05403S 


Power-On Preset 
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TIMING DEFINITIONS 
SYMBOL PARAMETER 
Width of input clock pulse. 


oy 


ca 
2 


KH 


ICKL 
tcKP1 


Interval between clock pulses. 


Clock period — when not 
using Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Clock period — when using 
Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Voc 
(after power—on) and negative 
transition of clock preceding 

first reliable clock pulse. 


oy 
Pas 
Ny 


tvs 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of clock and 
end of valid input data. 


= 
po 


Delay between positive 
transition of clock and when 
outputs become valid (with 

PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


tcko 


oy 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ip 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 

Register. 


Delay between input Ip 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


tsRD 


Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


tpRH 
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TIMING DIAGRAMS (Continued) 


INTERNAL “= 
STATE REG. 


(F, + 1) 
OUTPUT Vv 
PF OL 


WF05381S 


Diagnostic Output Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fwax) = tey = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tis, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tis; with the number of terms TERMS CONNECTED/OR 

connected per OR. 0P01261S 


The PLS167 AC electrical characteristics ee 


contain three limits for the parameters tis 
and tiso (refer to Figure 1). The first, tiga is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tis; is guaranteed for 
a device with 32 terms connected to any OR 
line. And tisj¢ is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, tigoA, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS167A AC electrical characteristics 
contain two limits for the parameters tis; and 
tisa (refer to Figure 2). The first, tigy4 is guar- 
anteed for a device with 24 terms connected 
to any OR line. tis;g is guaranteed for a de- 
vice with 16 terms connected to any OR line. 


TERMS CONNECTED/OR 
OP01251S 


Figure 2. PLS167A tj; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term lim- 
its when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or “L” entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tis and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


(4) 


TERMS/OR (2) 


AF01810S 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


PLS167/A logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 


JEDEC standard PLD design software pack- P=0 
ages. Boolean and/or state equation entry is E=1 (PRESET 
accepted. ENABLED) DISABLED) 
PLS167/A logic designs can also be generated 

using the program table entry format detailed 

on the following pages. This program table ee 


entry format is supported by the Signetics 

AMAZE PLD design software (PTP module). PROGRAMMING: 

AMAZE is available free of charge to qualified | ThePS167/A has a power-up preset feature. This feature insures that the device will power—up 

users. in a Known state with all register elements (State and Output Register) at logic High (H). When 
; ; programming the device it is important to realize this is the initial state of the device. You must 

To implement the desired logic functions, the —_ provide a next state jump if you do not wish to use all Highs (H) as the present state. 

state of each logic variable from logic equations 


(|, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


“AND” ARRAY - (I), (P) 


i, p 
1,P 
i,p 
Th 


STATE CODE 
iwactve'2 | o | 


“OR” ARRAY -— (N), (F) 


Th Th 
a+]> «+J> 


ACTION CODE ACTION CODE ACTION CODE 


: 
c 
Th 


GENERATE | A | 


“COMPLEMENT” ARRAY -— (C) 


c 
c 
Th 


ACTION CODE 
wactive’4 | o | 


NOTES: 

1. This is the initial unprogrammed state of all links. 

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,,. 
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FPLS PROGRAM TABLE 


PROGRAM TABLE ENTRIES 


CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # CF (XXXx) 
CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # 


PT COPTION (PE) 
a: Saas 


NOTES: 

1. The FPLS is shipped with all links initially intact. Thus, a background of ''0"' for all Terms, and an ''H"' for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unused Cy, Im, and P, bits are normally programmed Don't Care (—). 

3. Unused Transition Terms can be left for future code modification or programmed as (—) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 


VARIABLE 
NAME 


TBO1622S 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. 
The array consists of test transition terms 48 Co ) 


and 49, factory programmed as shown below. 


(1, + F,)/F,, 


Testing is accomplished by clocking the FPLS 

and applying the proper input sequence to 

lo.-13 aS shown in the test circuit timing dia- (ass) 

gram. (I, + F,)/F 


AFO1821S 
State Diagram 1015928 
FPLS Under Test 


_ornonre—SS~*idi 
_rSCS~S—SY 


PRESENT STATE (Ps) NEXT STATE (Ns) 


a]? 7TeTs]*]2]2]1J 0 "TeTs[e]2]2]* Jo] a] 2] 
ratatalatetateiatetat ate arate 
eee eee CNC CSCI CIC CICICICICICE 

TBO1600S 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


STATE 7% p= a 
REGISTER Lew 


WF05375S 


OUTPUT (Fr) 

7lelslal3le2ti1lo 110 

PH | HY nial ete a aie ee p= f= [=| =| =) — J =f =| | = l= [| 
L{LJe EpeTElefejeiefela[efelefesefele] Se gesskarninh 


TB01610S 


Test Array Deleted 
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ECN No. 


PLS168/A 
Field-Programmable Logic 
Sequencers (12 x 48 x 8) 


Date of Issue | October 11, 1989 


Status Product Specification 


Programmable Logic Devices 


DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLS168 and tle PLS1 68A are bipolar, © fuax = 13.9MHz — PLS168 N Package 
Programmable Logic State machines of 20MHz — PLS168A 

the Mealy type. They contain logic AND/ — 20MHz clock rate — PLS168 

OR gate arrays with user programmable 25MHz clock rate —- PLS168A 


connections which control the inputs of 
on-chip State and Output Registers. 
These consist respectively of 10 Qp, and 
4 Qe edge-triggered, clocked S/R flip— 
flops, with an Asynchronous Preset Op- © 48 programmable AND gates 
tion. © 29 programmable OR gates 


© Field—Programmable (Ni-Cr link) 


@ 12 True/Complement buffered 
inputs 


All flip-flops are unconditionally presetto © 10-bit State Register 
“1” during power turn-on. e 4-bit shared State/Output Register 


The AND array combines 12 external © 4-bit Output Register 
inputs, los, with 10 internal inputs, Po», © Transition Complement Array 
fed back from the State Register to form » Programmable Asynchronous 
up to 48 transition terms (AND terms). In Preset/Output Enable 
addition, Pp — P3 of the internal State Reg- 


; , © Positive edge-triggered clock A Pack 
ister are brought off-chip to allow extend- g 99g ackage 


ing the Output Register to 8 bits, if so * Power-on preset to logic “1” of all lg Is CK Vcc Ig I7 
, registers 
desired. 
- @ Automatic logic “HOLD” state via 
All transition terms can include True, S/R flip-flops 


False, or Don’t Care states of the control- © On-chip Test Array 
ling variables, and are merged in the OR 

array to issue next-state and next-output © Power: 600mW (typ.) 
commands to their respective registerson © TTL compatible 

the Low-to—High transition of the Clock e3-State outputs 


pulse. @ Single +5V supply 


Both True and Complement transition © 24-pin DIP 300mil-wide 
terms can be generated by optional use of 

the internal variable (C) from the Comple- 

ment Array. Also, if desired, the Preset APPLICATIONS 

input can be converted to output-enable —@ jnterface protocols 
function, as an additional user program- 
mable option. 


© Sequence detectors 


@ Peripheral controllers 
Order codes are listed in the Ordering 


Poe 
Information Table. Timing generators 


@ Sequential circuits 

® Security locking systems 
© Counters 

@ Shift registers 


a PHILIPS 
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FUNCTIONAL DIAGRAM 


LD01150S 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High 
this line is necessary to update the contents of both registers. 


Logic Inputs: The 11 external inputs to the AND array used to program jump conditions Active—High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when Active—High/Low 
exercised with standard TTL levels. When Ig is held at +10V, device outputs Fo _F3 and 
Po _P3 reflect the contents of State Register bits P4_ 9 (see Diagnostic Output Mode 
diagram). The contents of flip-flops Pg_ ; and Fo _ 3 remain unaltered. 


Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active—High 
State Register bits Pg _ 3. When lo is held at +10V these pins reflect (Pg — Pog). 


Logic/Diagnostic Outputs: Two register bits (F2 — F3) which reflect Output register bits Active—High 
(Q2 — Qg). When lo is held at +10V, these pins reflect (P4_ Ps). 


Preset or Output Enable Input: A user programmable function: 


¢ Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pp_ 9 and Fp_3 
are High. Normal clocking resumes with the first full clock pulse following a High-to—Low 
clock transition, after Preset goes Low. 


¢ Output Enable: Provides an Output Enable function to all output buffers. Active—Low (L) 


Logic Output: Two device outputs which reflect Output Registers Qo — Q;. When lo is 
haeld at +10V, Fo — F; = Logic “1”. 
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FPLS LOGIC DIAGRAM 


(LOGIC TeRNS—1) —_—_—_$_____—____ - 
| 


ces Sas Se ass SS 20 aS Lj 
{ 


biaiiiastaeinia See 
Gbitar? iaiaat iiatisi iiatistiniStnTriiaiatil 


ore sotto roeng roong HOHE nH 
BVEBAGOSSUEU SNUG EUERMENEULMARIRELAEUOOEE 
FOLUADIDEDHOHAGGE0UCNSEMGAUSSRERIEEITE 


a estate at a 
area 
FUBOCRTERTEERERUIGEACRLORNEGD TT Fol 
cide ama 


L os | 


a $aQ 
Hi 


: H® Q 
Te a bone 
RESHUSUSEETSUSUEDOESUSASDOAUGHSESSOEALUIRES 


i iota aa ieee 


47 eecerseces @eseseseses COSHH SCE OHR OLEH OC LEED EHEEEESHEOEEOEELEE ee Aanee! 


TB00882S 


NOTES: 

1. All programmed ''AND'"' gate locations are pulled to logic ''1". 
2. All programmed "'OR'"' gate locations are pulled to logic ''0". 
3. Programmable connection. 
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TRUTH TABLE 1: 2: 3, 4, 5, 6 LOGIC FUNCTION 


OPTION 
. H H 


Typical State Transition: 


R Q2 Q1 Qo 
H X (sn ) PRESENT STATE 
Le X Qn (Qp)n 
L X Qh (QE)n STATE REGISTER R-B*6*.:5 
- x Te [ i] Ge.) sexrsare 
ie : : Don 
L X 
L i SET Qo: So = (G2 ‘ Qy: Gp)" A-B'C... 
L H Ro =0 
RESET Q,: S;=0 
L L H H "Ry = (Gp + Q,- Uo) -A-B°C... 
L H IND. IND. poLbeis is <ib 
:92= 
NOTES: 
1. Positive Logic: 
S/R=T9 +17, +To+... +747 VIRGIN STATE 
Th = O(lo ty lo...) (Po Pi. . . Pg) The factory shipped virgin device contains all 
2. Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. The fusible links intact, such that: 
desired function is a user—programmable option. 1. PR/OEoptionis setto PR. Thus, all outputs 
3. T denotes transition from Low-to—High level. will be at “1”, as preset by initial power—up 
4. R=S=Highis an illegal input condition. procedure. 
— pi ae 2. All transition terms are disabled (0). 


3. All S/R flip-flop inputs are disabled (0). 
4. The device can be clocked via a Test 


ORDERING INFORMATION Array pre-programmed with a standard 


test pattern. 
DESCRIPTION ORDER CODE NOTE: The Test Array pattern MUST be 
24—Pin Plastic DIP (300mil—wide) PLS168N, PLS168AN 


deleted before incorporating a user pro- 
28—Pin Plastic Leaded Chip Carrier PLS168A, PLS168AA 


gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 


RATINGS TEMPERATURE 
SYMBOL PARAMETER 


Tin [ tputcunents ———SS*dSC 
Output currents 


Storage temperature range 


—65 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc ¥ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typt | Max — UNIT 


Input voltage? 


Vin i Voc = Max 2.0 V 
Vit Voc = Min 0.8 V 
Vic 3 Voc = Min, lin =-—12mA —0.8 -1.2 V 


Output voltage? 


Voc = Min 
Vou High* lon =—2mA 2.4 V 
Voi Low5 lo. = 9.6mA 0.35 | 0.45 Vv 
Vin = 5.5V <1 25 LA 
Vin = 0.45V ~10 | —100 LA 
Vin = 0.45V -50 ~250 LA 


hy High 
li Low 
he Low (CK input) 


Output current 


Voc = Max 

lo(orF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 

Short circuit? 7 Vout = OV 


Sees 
Cin Input 8 pF 
Court Output 10 pF 
Measured with V\_ applied to OE and a logic high stored, or with Vj applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and Vj, applied to PR/OE Output sink current is 


NOTES: 
All typical values are at Voc = 5V, Ta = +25°C. 
All voltage values are with respect to network ground terminal. 
supplied through a resistor to Vcc. 

Measured with V\4 applied to PR/OE. 

Duration of short circuit should not exceed 1 second. 


Test one at a time. 
Icc¢ is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


ne 


a De 
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta < +75°C, 4.75°CV < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER FROM TO UNIT 
| Min | Typt | Max | Min | Typt | Max | 
| Pusewidthe 


Clock? High CK + CK - 25 15 20 15 
Clock Low CK -— CK + 25 15 20 15 
Period (without Complement Array) Input +/— | Output +/— 80 40 50 40 
Period (with Complement Array) Input +/— | Output+/— | 120 60 80 50 
Preset pulse PR+ PR- 25 15 25 15 


Input 
Input 


Input 


Input (through Complement Array) 


Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


Pw [mea SS™~dSC se PS Pw] 


Propagation delay 
Clock 


Output + 


Output enable Output — 
Output disable Output + 
Preset Output + 
Power-on preset Output + 


Frequency of operation? 


fee [ieee Te Te 
fuaxC With Complement Array 9.8 125 MHz 
NOTES: 

1. All typical values are at Vog = 5V, Ta = +25°C. 


2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
3. See “Speed vs. OR Loading” diagrams. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


+3.0V —— — — 


CL 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


October 11, 1989 239 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencers (12 x 48 x 8) PLS168/A 


TIMING DEFINITIONS 


SYMBOL PARAMETER 


TIMING DIAGRAMS 


tory 


Asynchronous Preset 


Vec 
tppr 


Foa/Pos AX WY sv 


F 


n 


5V ( 
— 
tcxp 
1.5V 1.5V 


(F,)=1 1 


1.5V 4 


tys 


WFO05404S 


Power-On Preset 
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Width of input clock pulse. 
Interval between clock pulses. 


Clock period — when not 
using Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Clock period — when using 
Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Vcc 
(after power—on) and negative 
transition of clock preceding 
first reliable clock pulse. 


Required delay between 
negative transition of 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ig 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 


Delay between input Ip 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 
Register. 


Delay between positive 


tpr transition of Preset and when 
outputs become valid at “1”. 
jen Delay between Vcc (after 


power-on) and when outputs 
become preset at “1”. 


Width of preset input pulse. 
Maximum clock frequency. 
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TIMING DIAGRAMS (Continued) 


: 1.5V 
INTERNAL ™ 
STATE REG. 


a 


PF Vor 


WF05381S 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fuax) = toy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tis, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tis; with the number of terms 
connected per OR. 


The PLS168 AC electrical characteristics 
contain three limits for the parameters tis; 
and tiso (refer to Figure 1). The first, tis, is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tis1g is guaranteed for 
a device with 32 terms connected to any OR 
line. And tisic is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, tisoA, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS168A AC electrical characteristics 
contain two limits for the parameters tis; and 
tis2 (refer to Figure 2). The first, tig1q is guar- 
anteed for a device with 24 terms connected 
to any OR line. tis;g is guaranteed for a de- 
vice with 16 terms connected to any OR line. 
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TERMS CONNECTED/OR 
OP01261S 
Figure 1. PLS168 tis; vs. 
Terms/OR Connected 


TERMS CONNECTED/OR 
OP01251S 


Figure 2. PLS168A tis; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tiga A 
and B are corresponding 24 and 16 term lim- 
its when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or “L” entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case ts and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T,, 


(4) 


TERMS/OR (2) Pics 


AF01810S 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

PLS168/A logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS168/A logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(|, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


“AND” ARRAY - (I), (P) 


i,p 
1, P 
i,p 
Tn 


STATE CODE 
iwactive®2 | 9 | 


“OR” ARRAY - (N), (F) 


Th 
: pang 
mit) 
ACTION 


INACTIVE! 3 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 


PRESET/OE OPTION - (P/E) 


P=0 
(PRESET 


E=1 


(ALWAYS DISABLED) 
ENABLED) 


[oprion | cove] 
[preser? | n 


PROGRAMMING: 

The PS168/A has a power-up preset feature. This feature insures that the device will power—up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


DON'T CARE 


ACTION CODE CODE ACTION CODE 
iwactive®4 | o | GENERATE | A | PROPAGATE | @ | TRANSPARENT 


NOTES: 


1. This is the initial unprogrammed state of all links. 
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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FPLS PROGRAM TABLE 


CUSTOMER NAME 
PURCHASE ORDER ® ____ ss ———‘C—C—~—C—CSCSsSCSsSCSCSCS 
SIGNETICS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART# ___ se ——“C—s‘“C:Cs—sCSS 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 
REV 
DATE 


sc ee ; 
a ee ees eens 
lr 
PRESENT STATE (Pa) 
he it 
ote tists fsisi2] tfol 


- 
N 


» 
_ 


VARIABLE 
NAME 


TB02031S 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 


on-chip test array. 
The array consists of test transition terms 48 C0 ) 


and 49, factory programmed as shown below. 


(1, + F.,)/F,, 


Testing is accomplished by clocking the FPLS (1: F,)/F, 


and applying the proper input sequence to 
lo.14 as Shown in the test circuit timing dia- (022) 
gram. (I, + F,)/F, 


AF01822S 
TC01593S 


State Diagram 
FPLS Under Test 


es a = 
T PRESENT STATE (Ps) REMARKS 
E INPUT(Im) 
R orn (Px) 
M 


bee PerE epee eerie eee eee ee rete eet te 
Pe TATHIMMIH GAR IRAP WHI 
Ce SS Ss ee CC CeCe 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


STATE f ——<—=— HIGH 


REGISTER 
LOW 


WF05376S 


Test Circuit Timing Diagram 


ae — a 


ieee a 
om 1 (Px) 

Rhos BORD ORDD ODN ODOUR Ee DOOD OOo nwo 
Pe TAH GHIA IWIN GHIH IW IIHR MIMI IHR P~|-[-]- [-|-9-]-|-]-]-|-]-|— 
p49 Fo Ju fu fu fe gee fe fu ge fu [ele Bes 2 SSeS ee oese 


Test Array Deleted 
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DESCRIPTION 

The PLS179 is a 3—State output, regis- 
tered logic element combining AND/OR 
gate arrays with clocked J-K flip—flops. 
These J-K flip-flops are dynamically con- 
vertible to D-type via a “foldback” invert- 
ing buffer and control gate Fe. It features 
8 registered I/O outputs (F) in conjunction 
with 4 bidirectional I/O lines (B). There are 
8 dedicated inputs. These yield variable 
I/O gate and register configurations via 
control gates (D, L) ranging from 20 inputs 
to 12 outputs. 


The AND/OR arrays consist of 32 logic 
AND gates, 13 control AND gates, and 21 
OR gates with fusible link connections for 
programming |/O polarity and direction. All 
AND gates are linked to 8 inputs (I), bi- 
directional I/O lines (B), internal flip—flop 
outputs (Q), and Complement Array out- 
put (C). The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 


PHILIPS 


PLS179 


Field-Programmable Logic 
Sequencer (20 x 45 x 12) 


PIN CONFIGURATIONS 
N Package 


FEATURES 
® fuax = 18.2MHz 
— 25MHz clock rate 


@ Field—Programmable (Ni—Cr link) 
© 8 dedicated inputs 

® 13 control gates 

© 32 AND gates 

@ 21 OR gates 


® 45 product terms: 

— 32 logic terms 

-— 13 control terms 
© 4 bidirectional I/O lines 
® 8 bidirectional registers 
@ J/K, T, or D-type flip-flops 
@ Asynchronous Preset/Reset A Package 
® Complement Array 
@ Active—High or —Low outputs 
@ Programmable OE control 
© Positive edge-triggered clock 


® Power-on reset on flip-flop 
(F,, J an ”) 


® Input loading: — 100A (max.) 

© Power dissipation: 750mW (typ.) 
© TTL compatible 

® 3-State outputs 


APPLICATIONS 

@ Random sequential logic 

@ Synchronous up/down counters 
@ Shift registers 

® Bidirectional data buffers 

® Timing function generators 


@ System controllers/synchronizers 


® Priority encoder/registers 


PHILIPS 
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FUNCTIONAL DIAGRAM 


(LOGIC TERMS) 


On-chip T/C buffers couple either True (I, B, Q) 
or Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Any of the 32 AND gates 
can drive bidirectional I/O lines (B), whose out- 
put polarity is individually programmable 
through a set of Ex—OR gates for implementing 
AND-OR or AND-NOR logic functions. 
Similarly, any of the 32 AND gates can drive the 
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(CONTROL TERMS) 
P oR L D 


a 
a 
b 
1) 


J—K inputs of all flip-flops. Four AND gates 
have been dedicated for the Asynchronous 
Preset/Reset functions. 


All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for interfac- 
ing with a bidirectional data bus) in conjunction 
with load control gates (L), steering inputs (I), 
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(B), (Q) and programmable output select lines 
(E). 


The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 


Order codes are listed in the Ordering Informa- 
tion Table. 
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FPLS LOGIC DIAGRAM 


ee (LOGIC TERMS — T)—————w@_—_—s S$ (CONTROL TERMS) —————@ 


GRAGEGRM ALATA GG MUANRESEI TE 

a ans Se ao a 569 
Sa T EA GOAT AHAT A OROVOUENENOIOEE _ 
HHLALLLUAALEHLUETAEAMAMTLALLE ot 
UTI ITIAITOTAETLGAaTai( =n 
a Baas LE aie 


| TMAH TAAL Pe 5. 
Bo---{99) 
Se 


il | TH TN . 
CUE TE eg <i " 
TCU [ree : 
i 
OUORRLDUUDOLORSBEUAGRERHEGL GOED 


LD01671S 


1. All OR gate inputs with a blown link float to logic ''0". 
2. All other gates and control inputs with a blown link float to logic ''1"'. 
3. © he tes WIRE-OR 


May 11, 1988 247 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencer (20 x 45 x 12) PLS179 


VIRGIN STATE FLIP-FLOP TRUTH TABLE 


The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 


2. Preset and Reset are always disabled. 
3. All transition terms are disabled. 
4 


. All flip—flops are in D—-mode unless other- 
wise programmed to J-K only or J—K or D 
(controlled). 


5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 


LOGIC FUNCTION 


Q3 Q2 Qi QO 


[T= [+ [2] (on) resent stre 
A: 


STATE REGISTER 


ea NOTES: 
ila 1. Positive Logic: 


pofofo}r Ene) NEXT STATE J-K = To +11 + To... eeeeeeeeeee sees Tx 


Tn = CO: (Io- 14 + lo...) - (Qo: Qy...)> 
SET Qo: Jo = (Q3 - G+ QU) A-B-C... (Bo - By: ...) 


Ko =0 2. T denotes transition from Low to High level. 
ines 3. X = Don't care 
—e la G+ Q,:%)K-B°C... 4. *=ForcedatF, pin for loading the J—K flip— 
flop in the Input mode. The load control 
HOLD Gg: lg@ 6 term, L, must be enabled (HIGH) and the 
Kant p—terms that are connected to the asso- 
TOGGLE Q3: J3 = (Q3 *G2°Q1* Go) A-B-C... ciated flip-flop must be forced LOW (dis- 
K3 = (Q3° G2 Qy° Gp) -A-B-C... abled) during Preload. 
5. AtP = R =H, Q=H. The final state of Q 
NOTE: depends on which is released first. 
Similar logic functions are applicable for D 6. “* = Forced at F, pin to load J—K flip-flop 
and T mode flip—flops. independent of program code (Diagnostic 
mode), 3—State B outputs. 
ORDERING INFORMATION THERMAL RATINGS 
DESCRIPTION ORDER CODE TEMPERATURE 
24—Pin Plastic DIP (300mil—wide) PLS179N Maximum junction 150°C 
28—-Pin Plastic Leaded Chip Carrier PLS179A Maximum ambient 75°C 
Allowable thermal rise 75°C 
ABSOLUTE MAXIMUM RATINGS! ambient to junction 


RATINGS 


SYMBOL PARAMETER 
cc 


Supply voltage 


Input voltage 
Output voltage 
Input currents 
Output currents 


Operating temperature range 


Storage temperature range 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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Field-Programmable Logic Sequencer (20 x 45 x 12) PLS179 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typt | Max | UNIT 


Input voltage? 


Vin shah Voc = Max 2.0 V 
fn Vec = Min V 
aie Voc = Min, Iiy =-12mA —0.8 V 


or voltage? 


Vou High Vec = Min, lou =—2mA V 
Vo. Low® lot = 10mA 0.35 V 
iy High Voc = Max, Vin =5.5V <1 40 LA 
7 Low Vin = 0.45V -10 | -100 LA 


Output current 


lo(OFF) Hi-Z state* ” Voc = Max, Vout = 5.5 
Vour= 0.45V ~140 
Short circuit? > Vout = OV 


Capacitance 


Cin Input Voc = 5.0V, Vin = 2.0V 8 pF 
Court Output Vout = 2.0V 15 pF 
NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Measured with Vj applied to OE. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
Leakage values are a combination of input and output leakage. 


SOO Oi = 


VOLTAGE WAVEFORMS TEST LOAD CIRCUIT 


3.0V—-——— 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


T* 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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Field-Programmable Logic Sequencer (20 x 45 x 12) PLS179 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Rp = 1kQ, C, = 30pF, 0°C < Ta < +75°C, 4.75°CV < Veco < 5.25V 


SYMBOL PARAMETER TO TEST LIMITS 
conormion [wing | yo" [wx 


Pulse width? 
Clock? High 
Clock Low 
Period 
Preset/Reset pulse 


Setup time 
Input 
Input (through F,) 
Input (through Complement Array)* 
Hold time 
ty Input 
tiy2 Input (through F,) 
Propagation delay 


Clock 
Output enable 
Output disable? 


Output 


Output enable 


Output disable? 


Preset/Reset 


Power-on preset 


NOTES: 


All typical values are at Voc = 5V, Ta = +25°C. 

To prevent spurious clocking, clock rise time (10% — 90%) < 10ns. 

Measured at V7 = Vo, + 0.5V. 

When using the Complement Array tcxp = 75ns (min). 

Limits are guaranteed with 12 product terms maximum connected to each sum term line. 


aS SP 
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TIMING DIAGRAMS 


1,B 
(INPUTS) 


F 
(OUTPUTS) 


Flip-Flop Outputs 


,B 
(INPUTS) 


B 
(OUTPUTS) 


,B 
(OUTPUT 
ENABLE) 


Gate Outputs 


F 
(OUTPUTS) 


,B 
(INPUTS) 


Power-On Reset 
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PLS179 


TIMING DEFINITIONS 


SYMBOL PARAMETER 


tCKH 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input forced 
at flip—flop output pins, and 
positive transition of clock. 


Required delay between 
positive transition of clock and 
end of valid input data. 


Required delay between 
positive transition of clock and 
end of valid input data forced 
at flip—flop output pins. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between Vcc (after 
power-on) and when flip—flop 
outputs become preset at “1” 
(internal Q outputs at “O”). 


Propagation delay between 
combinational inputs and 
outputs. 


Delay between predefined 
Output Enable High, and 
when combinational Outputs 
become valid. 


Delay between predefined 
Output Enable Low and when 
combinational Outputs are in 
the OFF-State. 


Delay between positive 
transition of predefined 
Preset/Reset input, and when 
flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 


1,B 
(INPUTS) 


sy’ 


tis 


PRESET/RESET 16 


(1, B INPUTS) 


(PRESET) 
(RESET) 


oleae 1.5V — 
( ) (PRESET) 


* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis 
cannot be guaranteed by the user. 


Asynchronous Preset/Reset 


1,8 
; 1.5V 
(LOAD SELECT) 


+3V VoH 


tis2 t iH2 


tCKH 


XX QAR 


Flip-Flop Input Mode 
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LOGIC PROGRAMMING 

PLS179 logic designs can be generated using 
Signetics AMAZE PLD design software or one 
of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


“AND” ARRAY - (1), (B), (Qp) 


“COMPLEMENT” ARRAY - (C) 


(Th; Fc) 


ACTION 
INACTIVE? 3 5 


PLS179 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


(7, Fo, LP, R, D)n 


STATE 


PLS179 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(|, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


(T, Fc, L, P, R, Din 


Twawrcane [=| 


(Tr Fo) 


PROPAGATE 


J-K OR D 
(CONTROLLED) J-K 


Notes on following page. 
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ACTION 
TRANSPARENT 


INACTIVE Resa |e 
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“AND” ARRAY — (Qn = J-K Type) 


M = DISABLED / 


[acrion [cone 
[tose [ O a ee 


“OR” ARRAY - (S or B) 


Th 
P,R,S 
(OR B) 


Th STATUS CODE Tn STATUS CODE POLARITY CODE 


“OE” ARRAY - (E) 


En 


ACTION CODE ACTION CODE 
CONTROL ENABLE4 | oe | DISABLE | =| 
NOTES: 


. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs are left intact. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fe. 


E, = Oand E, = @ are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 
These states are not allowed for control gates (L, P, R, D), due to their lack of “OR” array links. 


ak wr 
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FPLS PROGRAM TABLE 


NOTES 

1. The FPLS is shipped with ali links intact. Thus 
a background of entries corresponding to 
states of virgin links exists in the table, shown 
BLANK for clarity. 

2. Program unused C, |, 8, and O bits in the AND 
array as (—). Program unused Q, B, R, and P 
bits in the OR erray as (—) or (A), as applicable. 

3. Unused Terms can be left blank. 

4. Q (P) and Q (N) are respectivety the present and 
next states of flip-flops Q. 


op) 
O 
= 
WW 
z 
o 
7p) 
> 
ea) 
O 
uJ 
r 
O. 
= 
fe) 
O 
Ww 
a 
O 
-E 
z 
Q 
Ee 
a 
O 
a. 
Y 
ake 
~ 


CUSTOMER SYMBOLIZED PART # 


CF (XXXX) 
DATE RECEIVED 
COMMENTS 


PURCHASE ORDER # 
SIGNETICS DEVICE # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


CUSTOMER NAME 


7B01711S 
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Preliminary Specification 


Programmable Logic Devices 


DESCRIPTION 

The new PLC42VA12 CMOS PLD from 
Signetics exhibits a unique combination of 
the two architectural concepts that revolu- 
tionized the PLD marketplace. 


The Signetics unique Output Macro Cell 
(OMC) embodies all the advantages and 
none of the disadvantages associated 
with the “V” type Output Macro Cell 
devices. This new design, combined with 
added functionality of two programmable 
arrays, represents a significant advance- 
ment inthe configurability and efficiency of 
multi-function PLDs. 


The most significant improvement in the 
Output Macro Cell structure is the imple- 
mentation of the register bypass function. 
Any of the 10 J-K/D registers can be indi- 
vidually bypassed, thus creating a combi- 
natorial /O path from the AND array to the 
output pin. Unlike other “V” type devices, 
the register in the PLC42VA12 Macro Cell 
remains fully functional as a buried regis- 
ter. Both the combinatorial I/O and buried 
register have separate input paths (from 
the AND array). In most V-type architec- 
tures, the register is lost as a resource 
when the cell is configured as a combina- 
torial I/O. This feature provides the capa- 
bility to operate the buried register 
independently from the combinatorial I/O. 


PLC42VA12 


CMOS Programmable Logic 
Sequencer (42 x 105 x 12) 


FEATURES 


e High-speed EPROM-based CMOS 
Multi-Function PLD 


— Super set of 22V10, 32VX10 and 
20RA10 PAL® ICs 
e Two fully programmable arrays 
eliminate “P—term Depletion” 
— Up to 64 P-terms per OR function 
e Improved Output Macro Cell 
Structure 


— Individually programmable as: 
* Registered Output 
* Registered Input 
* Combinatorial I/O with Buried 
Register 
— Bypassed Registers are 100% 
functional with separate input 
and feedback paths 


— Individual Output Enable control 
functions 
* From pin or AND array 


e Eleven clock sources 


e Register Preload and Diagnostic 
Test Mode Features 


e Security fuse 


APPLICATIONS 

e Mealy or Moore State Machines 
— Synchronous 
— Asynchronous 


e Multiple, independent State 
Machines 


e 10-bit ripple cascade 

e Sequence recognition 

e Bus Protocol generation 
e Industrial control 

e A/D Scanning 


PAL 's a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 


FA and N Packages 


N = Plastic 
FA = Ceramic with Quartz Window 


A Package 


Io/ 
Io ly CLKN/C Vcc Mg Mg 


By By GNDNIC Io/ Mo My 
OE 


A = Plastic Leaded Chip Carrier 


PHILIPS 
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PLC42VA12 


CMOS Programmable Logic 
Sequencer (42 x 105 x 12) 


FUNCTIONAL DIAGRAM 


fe 
— o. 


XW 


POLARITY, 


POLARITY, 
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LOGIC DIAGRAM (Continued) 


tttt erp tsp terete {20] Me 


ttt te tbe pe eete + 


tte tt ei 


teste {15] m1 
= t— = ; + : —s —- ae = Fahl [r4] mo 
2 7 as ae Sas {r]er 

PLC42VA12 
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CMOS Programmable Logic PLC42VA12 
Sequencer (42 x 105 x 12) 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


24—Pin Ceramic Dual In-Line with window, 
Reprogrammable (300mil-wide) PLC42VA12FA 


24—Pin Plastic Dual In—Line, 

One Time Programmable (300mil—wide) PLC42VA12N 
28—Pin Plastic Leaded Chip Carrier, 

One Time Programmable (450mil-wide) PLCO42VA12A 


ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS 
TEMPERATURE 


Pin | tpuourens ftw] 


Allowable thermal rise 
ambient to junction 


Storage temperature range -65 to +150 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 


AC TEST CONDITIONS VOLTAGE WAVEFORMS 


+5V 
Ry 
FROM OUTPUT 
(BX, FX) TEST POINT 
UNDER TEST 
Ro C,* 


+3.0V —— — — 


10% 


w——— 


*C_ INCLUDES JIG AND PROBE TOTAL nel . iis 


CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of inputs and outputs, unless otherwise specified. 


Test Load Circuit Input Pulses 
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CMOS Programmable Logic PLC42VA12 
Sequencer (42 x 105 x 12) 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITION 


Input voltage” 


we fee OSC~—“~idSC“‘ CCC Cd 
a OC eB 


Output voltage? 


Voc = Min 


Output current 


lo(oFF) Hi-Z state 


Voc = 5V 
Vin = 2.0V 


1. All typical values are at Voc = 5V. Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one at a time. 

4. Tested with TTL input levels: Vy, = 0.45V, Vi = 2.4V. Measured with all inputs and outputs switching. 
5. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz) 

6. Refer to Figure 2 for Atpp vs output capacitance loading. 


Mitt tty | 


20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


f(MHz) 


Figure 1. Alcc vs Frequency 
(Worst Case) (Referenced from 15MHz) 


Figure 2. Atpp vs Output 
Capacitance Loading (Typical) 
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CMOS Programmable Logic PLC42VA12 
Sequencer (42 x 105 x 12) 


AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc < 5.25V; Ry = 238Q, Rp = 1700 


Set-up Time 


Tis: | Inputsdodicated dock «UBM ] om | | = | | | -s _ 
18, My a 
Preload; dedicated clock 10 PTs 
is (8, Mya [ns 


K 
Input through complement array; 
dedicated clock (I, B, M) +/— K 
) 
) 
) 


TEST? 
CONDITION 


(CL (PF)) 


_ 
on 


Propagation Delay 


Propagation Delay |, B,M)+/— | (I, B, M) +/- 


35 


+/— 


tcKo1 Clock to Output; Dedicated clock | CK+ 


nn 
oO 


M 
M 


+ 
; | : 
Input through complement array; 
tise mee 1 BM) + | (1, B,M) 4/- 
(I, ) 


( 
( 


; 


tcKo2 Clock to output; P—term clock (I, B, M) +/— 
Registered operating period; 

toxP1 Dedicated clock (I, B, M) +/— (M) +/— 
(tis + texo1) 


ff 
o1 


ape 
io) 


Registered operating period; 
'cKP2 P-term clock (tis2 + texo2) (1, B, M) +/- (M) +/— 


sea] 


w ine] 
Be 


) 
K+ 
) 
) 
) 
) 
Register preload operating period; 
toKp4 P—term clock (M) +/— (M) +/— 
(tisa + texo2) 
Registered operating period with 
tcKPs complement array; dedicated (1, B, M) +/— ( 
clock (tiss + tcko1) 
»M) 
K+ 
K+ 


+ 
Tr 


tcKP6 


Registered operating period with 
complement array; P—term clock (I, B, M) +/— ( 
(tise + tcko2) 


toF1 Output Enable; from /OE pin ( 


i 
r 


Cc 
Cc 
) 
) 
M) 
M 
M 


Output Enable; from P— term +/— 


eM 


tog2 


Output Disable: from /OE pin /OE + ch te 


oy 
x 
oe 
w& 


tope Output Disable; from P—term (1, B, M) +/— ood 


C 
Register preload operating period; 
dedicated clock (M) +/— (M) +/— 
(tiss + tcxo1) 


(BM | (War 


+ 
— 
| 
Nn 
oO 


5 


oO 


ok 
oO 


on 


tina Input; from Mn (P— term clock) (I, B, M) +/— (M) +/— 


ca 


Width of preset/reset input pulse 
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NM 

on 
; 

n 


—h 
on 


tet Input (Dedicated clock) (1, B, M) +/— 
ti2 Input (P— term clock) (Il, B, M) +/— | (I, B, M) +/- 
Cc 


=" 
o1 


nn 


+ 
~™~ 
| 


tiy3 Input; from Mn (Dedicated clock) | CK+ (M) +/— 


ie) 
oO 


NO 
jo) 


Power-on Reset (Mn = 1) (M) 


(eo) 


x 
2 
a 
= 
= 
® 


CK-— 
CK+ 
CK-— 
CK+ 

) 


(1, B, M) +/— 


tpRH 
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PLC42VA12 
Sequencer (42 x 105 x 12) : 


AC ELECTRICAL CHARACTERISTICS (Continued) 0°C < T, < +75°C, 4.75V < Voc < 5.25V; ; Ry = 238Q, Ro = 1700 


TEST? 
SYMBOL PARAMETER CONDITION Typ! UNIT 
al Mall eel Baad 


Frequency of Operation 


toes [Dedicated cockrequency [| | | | | | wa 
Tice | Ptermetocktrequency fc fc | so || +i) | wae 


Registered operating frequency; 

fax Dedicated clock (I, B, M) +/— (M) +/— 
(tis1 + tcko1) 
Registered operating frequency; 
P— term clock (I, B, M) +/— (M) +/— Hz 
(tise + tcko2) 
Register preload operating fre- 
quency; Dedicated clock (tis3 + (M) +/— (M) +/— 
tcxo1) 


Register preload operating fre- 
quency; P— term clock (tig4 + (M) +/— (M) +/— 33 MHz 
tcKo2) 
Registered operating frequency 
with complement array; 
Ficetinetael ctnek (1, B, M) +/— (M) +/— 15.4 MHz 
(tiss + tcxo1) 
Registered operating frequency 

fMAxe with complement array; (1, B, M) +/— (M) +/— 14.3 MHz 
P— term clock (tisg + tcxo2) 


NOTE: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
2. Refer also to AC Test Conditions (Test Load Circuit). 


BLOCK DIAGRAM 


65 » 105 PROGRAMMABLE AND ARRAY 


=) 
MA coccced 
i’ i 


| | 


| 
| 
| 
| 
64 LOGIC TERMS | 41 CONTROL TERMS 
| 
| 
| 


IV, 


7 oe COMPLEMENT 


64 - 32 
PROGRAMMABLE 
OR ARRAY 
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PLC42VA12 


OUTPUT MACRO CELL (OMC) 


FROM AND ARRAY 


LOAD PRESET RESET 


©) 
@ 0 1 fo 
AS OUTPUT ENABLE 
A r ex clock? SELECT MUX 
SELECT 
i ee 


FROM OR 


ARRAY 


TO AND 
ARRAY 


FROM OR 
ARRAY 


Output Macro Cell Configuration 
Signetics unique Output Macro Cell design 
represents a significant advancement in the 
configurability of multi-function Programmable 
Logic Devices. 


The PLC42VA12 has 10 programmable Output 
Macro Cells. Each can be individually pro- 
grammed in any of 5 basic configurations: 


@ Dedicated I/O (combinatorial) with feed- 
back to AND array 


® Dedicated Input 


@ Combinatorial I/O with feedback and 
Buried Register with feedback (register 
bypass) 


@ Registered Input . 
e Registered Output with feedback 
Each of the registered options can be further 


customized as J—K type or D-type, with either 
an internally derived clock (from the AND array) 


January 1989 


ARRAY — q 
Fo 3 
e 
FROM OR 
oS wb 


CK OE 


or clocked from an external source. With these 
additional programmable options, it is possible 
to program each Output Macro Cell in any one 
of 20 different configurations. 


These 20 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA12 the most versatile and silicon effi- 
cient of all the Output Macrocell-type PLDs. 


The most significant Output Macro Cell (OMC) 
feature is the implementation of the register by- 
pass function. Any of the 10 J—K/D registers 
can be individually bypassed, thus creating a 
combinatorial I/O path from the AND array to 
the output pin. Unlike other Output Macrocell— 
type devices, the register in the OMC is fully 
functional as a buried register. Furthermore, 
both the combinatorial I/O and the buried regis- 
ter have separate input paths (from the AND 
array) and separate feedback paths (to the 
AND array). This feature provides the capability 
to operate the buried register independently 
from the combinatorial |/O. 


264 


The PLC42VA12 is ideally suited for both syn- 
chronous and asynchronous logic functions. 
Eleven clock sources — 10 driven from the AND 
array and one from an external source — make 
it possible to design synchronous state ma- 
chine functions, event-driven state machine 
functions and combinatorial (asynchronous) 
functions all on the same chip. 


Sophisticated control functions support individ- 
ual OE control and Reset functions from the 
AND array. OE controlis also available from the 
|/OE pin. Register Preset and Load functions 
are controlled in 2 banks of 4 for OMCs M, — Mg. 
Output Macro Cells Mg and Mg have individual 
Preset and Load Control terms. 


Output Polarity for the combinatorial 1/O paths 
is configurable via 12 programmable EX-OR 
gates. The output of each register can be confi- 
guredas inverting (active Low) or non—inverting 
(active High) via manipulation of the logic equa- 
tions. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS 


OUTPUT MACRO CELL 


REGISTER ' [cvock orrions| 
CLOCK OPTION 
SELECT a . 


OPTIONS 


OMC OUTPUT 


OUTPUT ENABLE 
CONFIGURATION CONTROL 
OPTIONS OPTIONS 


POLARITY 
OPTIONS 


ARCHITECTURAL OPTIONS 
REGISTER SELECT OPTIONS 


CLOCK 
OPTIONS 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


AND ARRAY 


REGISTER MODE (D or JK) CODE 
a 
Fo CONTROL P-TERM 


CLOCK 
OPTIONS 


FROM 
OR ARRAY 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


TO 
AND ARRAY 


REGISTER MODE (D or JK) | CODE 
ra 
Fo CONTROL P-TERM | oH | 


Notes on page 270. 
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OMC Programmable Options 

For purposes of programming, the Output 
Macro Cell should be considered to be parti- 
tioned in to five separate blocks. As shown in 
the drawing titled “Output Macro Cell Program- 
mable Options”, the programmable blocks are: 
Register Select Options, Polarity Options, 
Clock Options, OMC Configuration Options 
and Output Enable Control Options. 


There is one programmable location asso- 
ciated with each block except the Output 
Enable Control block which has two program- 
mable fuse locations per OMC. 


The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled “Output Macro Cell 
Configurations” lists all the possible combina- 
tions of the five programmable options. 


Register Select Options 


Each OMC Register can be configured either 
as a D-type or a J-K flip-flop. The Flip—Flop 
Control term, Fc, provides the option to control 
each Register dynamically—switching from 
D-type to J—K type based on the Fc control 
signal. 


Register Preset and Reset are controlled from 
the AND array. Each OMC has an individual 
Reset Control term (RMn). The Register Pre- 
set function is controlled in two banks of 4 for 
OMCs M, — Mg and Mg — Mg (via the control 
terms PA and PB). OMCs Mo and Mg have 
individual control terms (PMop and PMgrespec- 
tively). 
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ARCHITECTURAL OPTIONS (Continued) 
REGISTER SELECT OPTIONS (Continued) 


FROM 
OR ARRAY 


OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


TO 
AND ARRAY 


POLARITY OPTIONS (for Combinatorial I/O Configurations Only') 


OR Pike > OMC CONFIG. OUTPUT SELECT 
OPTIONS OPTIONS 


rau’ | oor 
ACTIVE-HIGH (NON-INVERTING) 


OR sent ) > OMC CONFIG. OUTPUT CONTROL ™ 
OPTIONS OPTIONS 


~ POLARITY CODE 
ACTIVE-LOW (INVERTING) 


CLOCK OPTIONS 


REGISTER SELECT OPTIONS 


FROM 

OR ARRAY 
OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


TO 
AND ARRAY 


CLK OPTIONS 
P-TERM CLOCK 


FROM 

OR ARRAY 
OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


TO 
AND ARRAY 


Notes on page 270. 
January 1989 266 


CLK OPTIONS CODE 


CLOCK 
OPTIONS 


OMC OUTPUT 
CONFIG. CONTROL 
OPTIONS OPTIONS 


REGISTER MODE (D or JK) CODE 
DYNAMICALLY CONTROLLABLE | oa | 
Fo CONTROL P-TERM 


Polarity Options 

When an OMC is configured as a Combinato- 
rial I/O with Buried Register, the polarity of the 
combinatorial path can be programmed as 
Active-High or Active—Low. A configurable 
EX-—OR gate provides polarity control. 


If an OMC is configured as a Registered Out- 
put, /Q is propagated to the output pin. Note 
that either Q or /Q can be fedback to the AND 
array by manipulating the feedback logic equa- 
tions. (TRUE or COMPLEMENT). 


Clock Options 

In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the Exter- 
nal Clock pin (Ip/CLK pin 1). Each OMC can be 
individually programmed such that its P—term 
Clock (CK,) is enabled, thus disabling it from 
the External Clock and providing event-driven 
clocking capability. 


This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip—flops. 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 


REGISTER SELECT OPTIONS 


F (OR J) CK L CLOCK 
OPTIONS 


REGISTER SELECT OPTIONS 


OUTPUT AND ARRAY 


SELECT 
OPTIONS 


D 
FROM 
OR ARRAY 
CLOCK 
TO 
: m< 


COMBINATORIAL OPTIONS 


OMC CONFIGURATION 


REGISTERED OUTPUT 
(D or JK) 


OMC CONFIGURATION 
REGISTERED INPUT 
LOAD CONTROL P-TERM 
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OUTPUT 
CONTROL M 
OPTIONS 


OMC CONFIGURATION | CODE 
COMBINATORIAL OUTPUT 
WITH BURIED REGISTER e7 


OMC Configuration Options 

Each OMC can be configured as a Registered 
Output with feedback, a Registered Input or a 
Combinatorial I/O with Buried Register. Dedi- 
cated Input and dedicated I/O configurations are 
also possible. 


When the Combinatorial I/O option is selected, 
(the Register Bypass option), the Buried Regis- 
ter remains 100% functional, with its own inputs 
from the AND array and a separate feedback 
path. This unique feature is ideal for designing 
any type of state machine; synchronous Mealy— 
types that require both Buried and Output 
Registers, or asynchronous Mealy-—types that 
require buried registers and combinatorial out- 
put functions. Both synchronous and asynchro- 
nous Moore—type state machines can also be 
easily accomodated with the flexible OMC 
structure. 
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(D or JK) 


Note that an OMC can be configured as either 
a Combinatorial I/O (with Buried Register) or a 
Registered Output with feedback anditcan still 
be used as a Registered Input. By disabling the 
outputs via any OE control function, the M pin 
can be used as an input. When the Load 
Control P-term is asserted HIGH, the register 
is preloaded from the M pin(s). When the Lo 
P-term is Active-Low and the output is 
enabled, the OMC will again function as confi- 
gured (either a combinatorial I/O or a regis- 
tered output with feedback). This feature is 
suited for synchronizing input signals prior to 
commencing a state sequence. 
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OUTPUT CONTROL OPTIONS Output Enable Control Options 
Similar to the Clock Options, the Output En- 
able Control for each OMC can be connected 
either to an external source (l9/OE, pin 13) or 
controlled from the AND array (P—terms DM,). 
Each Output can also be permanently en- 
abled. 


Output Enable control for the two bi-directional 
I/O (B pins 10 and 11) is from the AND array 
only (P—terms DBO and DB1 respectively). 


OMC 
CONFIG. 
OPTIONS 


TO 
AND ARRAY 
TO 
AND ARRAY 


4 
[ c00e 
[Faowp-tenw convaoi? | || Frowp-tenwcontaor | Aore | 


COMPLEMENT ARRAY DETAIL Complement Array Detail 


The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. Itis also ideal for generating IF-THEN— 
ELSE logic statements with a minimum num- 
ber of product terms. 


The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A*/B*/C) and (A+B +C) are equivalent, you 
will begin to see the value of this single term 
NOR array. 


The complement array is a single OR gate with 
inputs from the AND array. The output of the 
complement array is inverted and fedback to 
the AND array (NOR function). The output of 
the array will be LOW if any one or more of the 
AND terms connected to it are active (HIGH). 
TO.OR ARRAY TO OMCs AND BIDIRECTIONAL V/0 If, however, all the connected terms are inac- 
tive (LOW), which is a classic unknown state, 
the output of the complement array will be 
HIGH. 


Consider the product terms A, Band D thatrep- 
resentdefined states. They are also connected 
to the input of the complement array. When the 
condition (not A and not B and not D) exists, the 
Complement Array will detect this and propa- 
gate an Active—High signal to the AND array. 
This signal can be connected to product term 
E, which could be used in turn to reset the state 
machine to known state. Without the comple- 
ment array, one would have to generate prod- 
uct terms for all unknown or illegal states. With 
very complex state machines, this approach 
can be prohibitive, both in terms of time and 
wasted resources. 
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LOGIC PROGRAMMING 

PLC42VA12 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. Schematic capture entry is also sup- 
ported via FutureNet and OrCAD Schematic 
Entry Packages. 


LOGIC IMPLEMENTATION 


“AND” ARRAY - (I), (B), (Qp) 


(T, Fc, kL P, R, D)n 


STATE 
INACTIVE! 


(Th, Fo) 


ACTION 


INACTIVE» 3 


M = DISABLED \ / 
O 


[—roccte [0 


“OR” ARRAY 


Th 
PRL 
(OR B) 


Tp STATUS CODE 
ACTIVE! 
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ACTION 


GENERATE 


INACTIVE 


PLC42VA12 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(|, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. Symbols for 
OMC configuration have been previously de- 
fined in the Architectural Options section. 


(Th, Fc) 


ACTION 


| 8 ACTIVE (SET)! 
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M = sin 
O 
> 
oy, 


Tp STATUS CODE 


CODE 


[c00e | 
[Prorscare [= 


Tp STATUS 
INACTIVE (RESET) 
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LOGIC IMPLEMENTATION (Continued) 


OUTPUT MACRO CELL CONFIGURATIONS 


OUTPUT MACRO CELL REGISTER SELECT OMC CONFIGURATION POLARITY CLOCK 
CONFIGURATION FUSE FUSE FUSE FUSE 


Combinatorial I/O with Buried D-type register 


External clock source A HorL A 
P—term clock source A HorLl e 


Combinatorial I/O with Buried J—-K type register 


External clock source HorLl A 
P—term clock source HorLl e 


Registered Output (D-type) with feedback 


External clock source A A N/A A 
P—term clock source A A N/A e 


Registered Output (J—K type) with feedback 

External clock source A N/A A 
Ee 

Registered Input (Clocked Preload) with feedback 

External clock source A Aor Optional® A 


OE CONTROL FUSE En FUSES CONTROL SIGNAL 


A’ 
Low 
ef 
e/ Aore 
Output Enabled High 
Output Disabled aa Low 


NOTES: 


OUTPUT ENABLE CONTROL 
CONFIGURATION 
/O controlled by /OE pin 
Output Enabled 

Output Disabled _ 


1/0 controlled by P-term 


1. This is the initial (unprogrammedg) state of the device. 

2. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 

3. To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 

4. The OMC Configuration fuse must be programmed as Combinatorial I/O in order to make use of the Polarity Option. 

5. Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 
P—term must be asserted active—High. 

6. Output must be disabled. 

7. For OMCs MO and M9, the programming codes must be reversed to obtain this function (i.e., A= © and @ =A). 

8. Program code definitions: 


A = Active (unprogrammed fuse) 


e = Inactive (programmed fuse) 

— = Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 
H = Active—High connection 

L = Active—Low connection 
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TIMING DIAGRAMS TIMING DEFINITIONS 


SYMBO PARAMETER 
fox lock Frequency; External Clock 
fox2 lock Frequency; P—term Clock 


Width of Input Clock Pulse; 
'ckH1 | External Clock 


Width of Input Clock Pulse; 
P—term Clock 


Interval between Clock pulses; 
External Clock 


2) 


1.B.M 
(INPUTS) 


P-TERM CK 


(|. B. M) tcKH2 


t t ‘a 

CKH2—*|*— "CKL2 “| 
M 
(OUTPUTS) 


tcKL1 


Interval between Clock Pulses; 
P—term Clock 


Delay between the Positive Tran- 
tcko1_ | Sitionof External Clock and when 
M Outputs become valid. 


Delay between the Positive Tran- 
tcko2 | sition of P—term Clock and when 
M Outputs beocme valid. 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using External 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using P—term 
Clock. 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using Preload 
Inputs (from Mpins) and External 
Clock. 


tcKL2 


|. B. M. OE TERM OR OE PIN 
(OUTPUT ENABLE) 


Flip-Flop Outputs with P-term Clock 


tcKP1 


tcKp2 
|.B.M 
(INPUTS) 


— baa Ee tisy 5 —+| 


EXTERNAL CK 


tcKP3 


Delay between beginning of Valid 
Input and when the M outputs be- 
come valid when using Preload 
inputs (from M pins) and P-term 
Clock. 

Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using Comple- 
ment Array and External clock. 


M 
(OUTPUTS) 


tcKP4 


|. B. M. OE TERM OR OE PIN 
(OUTPUT ENABLE) 


tcKPs 


Delay between beginning of Valid 
Input and when the M outputs be- 
come Valid when using Comple- 
ment Array and P-term Clock. 


Flip-Flop Outputs with External Clock 
tcKP6 


Minimum guaranteed Operating 
Frequency; Dedicated Clock 


fuax1 


f Minimum guaranteed Operating 
MAX2 | Frequency; P—-term Clock 


Minimum guaranteed Operating 
fMAX3 Frequency using __ Preload; 
Dedicated Clock 


Minimum guaranteed Operating 
Frequency using Preload; 
P—term Clock 


Minimum guaranteed Operating 
fuaxs | Frequency using Complement 
Array; Dedicated Clock 


Minimum Operating Frequency 
using Complement Array; 
P—term Clock 


Required delay between positive 
tins transition of External Clock and 
end of valid input data. 


1B 
(INPUTS) 


B,M 
(COMBINATORIAL OUTPUTS) 


|, B, M, OE TERM OR OE PIN 
(OUTPUT ENABLE) 


Gated Outputs 


January 1989 271 


Signetics Programmable Logic Devices 


Preliminary Specification 


CMOS Programmable Logic 


Sequencer (42 x 105 x 12) 


PLC42VA12 


TIMING DIAGRAMS (Continued) 


1B 
(LOAD SELECT) 


|, B, OE TERM OR OE PIN © 
(OUTPUT ENABLE) 


y 


(INPUTS) 


P-TERM OR 
EXTERNAL CK 


| 
| 
| 


toe12—] 


FT ed 


aed 


])DMi WW ''"FW0 = 


Flip—Flop Input Mode (Preload) 


1, B,M 
(INPUTS) 


EXTERNAL CK I~\\\\ fi 


}<— t)g-—> 


PRESET/RESET 
(|, B, M INPUTS) 


M 
(OUTPUTS) 


<= tis > tcko> 


(PRESET) 
(RESET) 


(RESET) 
(PRESET) 


* PRESET AND RESET FUNCTIONS OVERRIDE CLOCK. HOWEVER, M OUTPUTS MAY GLITCH 
WITH THE FIRST POSITIVE CLOCK EDGE IF t;, CANNOT BE GUARANTEED BY THE USER. 


Asynchronous Preset/Reset 


Voc 


M 
(OUTPUTS) 


1B. M 
(INPUTS) 


P-TERM OR 
EXTERNAL CK 


Power—On Reset 
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TIMING DEFINITIONS (Continued) 


Required delay between positive 
transition of P—term Clock and 
end of valid input data. 


Required delay between positive 
transition of External Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between positive 
transition of P—term Clock and 
end of valid input data when us- 
ing Preload Inputs (from M pins). 


Required delay between begin- 
ning of valid input and positive 
transition of External Clock. 


Required delay between begin- 
ning of valid input and positive 
transition of P—term Clock input. 


Required delay between begin- 
ning of valid Preload input (from 
M pins) and positive transition of 
External Clock. 


Required delay between begin- 
ning of valid Preload input (from 
M pins) and positive transition of 
P—term Clock input. 


Required delay between begin- 
ning of valid input through Com- 
plement Array and positive tran- 
sition of External Clock. 


Required delay between begin- 
ning of valid input through Com- 
plement Array and positive tran- 
sition of P—term Clock input. 


Delay between beginning of Out- 
put Enable signal (Low) from /OE 
pin and when Outputs become 
valid. 


Delay between beginning of Out- 
put Enable signal (High or Low) 
from OE P—term and when Out- 
puts become valid. 


Delay between beginning of Out- 
put Enable signal (HIGH) from 
/OE pin and when Outputs be- 
come disabled. 


Delay between beginning of Out- 
put Enable signal (High or Low) 
from OE P-term and when Out- 
puts become disabled. 


Delay between beginning of valid 
input and when the Outputs be- 


pro come valid (Combinatorial Path). 


Width of Preset/Reset Pulse. 


SS Delay between beginning of valid 


Preset/Reset Input and when the 
registered Outputs become Pre- 
set (“1”) or Reset (“0”). 


Delay between Vcc (after pow- 
er—up) and when flip-flops be- 
come Reset to “0”. Note: Signal 
at Output (M pin) will be inverted. 
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LOGIC FUNCTION 


Q3 Q2 Qi QO 


[Te] Jo] (6m) enesem sir 


STATE REGISTER As B*C*.0 


TeTo lt] Ge) verse 


SET Qo: Jo = (Gp Q1° Up) "ABC... 


Kp =0 
RESET Qy: Jy =0 
K, =(Q3°G_°Q,°G) °A'B-C... 


RESET Q3: J3 = (Q3 ‘G2 -Qy° Gp) A-B- 
Kg = (Q3 * 2° Qy-G)-A-B- 


NOTE: 
Similar logic functions are applicable for D 
mode flip—flops. 


FLIP-FLOP TRUTH TABLE 


Positive Logic: 


J-K = To + 4+ Tot... +734 
Trot flee ly? te.) <i> Oey 
(Bac By.) 


X = Don't care 

* = Forced at M, pin for loading the J-K 

flip-flop in the Input mode. The load con- 

trol term, L, must be enabled (HIGH) and 

the p-terms that are connected to the 

associated flip—flop must be forced LOW 

(disabled) during Preload. 

5. AtP =R=H, Q=H. The final state of Q 
depends on which is released first. 

6. ** = Forced at F,, pin to load J/K flip—flop 

(Diagnostic mode). 


aad alt ia 
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denotes transition for Low to High level. 


PLC42VA12 UNPROGRAMMED 


STATE 

A factory shipped unprogrammed device is 
configured such thatall cells are in aconductive 
state. 


The following are: 


ACTIVE: 
— OR array logic terms 


— Output Macro Cells M1 — M8; 


e D-type registered outputs 
— External clock path 
— Inputs: Bg, By, Mo, Mg 


INACTIVE: 
— AND array logic and control terms (except 
flip—flop mode control term, Fc) 


— Bidirectional I/O (Bo, B;); 
e Inputs are active. Outputs are 3—Stated 
via the OE P-terms, Dp and D;. 
— Output Macro Cells Mg and Mg; 
© Bidirectional I/O, 3-Stated via the OE 


P—terms, DMy and DMg. The inputs are 
active. 


— P-term clocks 
— Complement Array 
— J—K Flip-Flop mode 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC42VA12 
devices are such that erasure begins to occur 
upon exposure to light with wavelength shorter 


than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types 
of fluorescent lamps have wavelengths in the 
3000—4000A range. Data shows that constant 
exposure to room level fluorescent lighting 
could erase a typical PLC42VA12 in approxi- 
mately three years, while it would take approxi- 
mately one week to cause erasure when 
exposed to direct sunlight. If the PLC42VA12 is 
to be exposed to these types of lighting condi- 
tions for extended periods of time, opaque 
labels should be placed over the window to 
prevent unintentional erasure. 


The recommended erasure procedure for the 
PLC42VA12 is exposure to shortwave ultra- 
violet light which has a wavelength of 2537 


Angstroms (A). The integrated dose (i.e., UV 


intensity X exposure time) for erasure should 
be a minimum of 15Wsec/cm?. The erasure 
time with this dosage is approximately 30 to 35 
minutes using an ultraviolet lamp with a 


12,000LLW/cm2 power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be expose to with- 
out damage is 7258Wsec/cm?2 (1 week @ 


12000LL.W/cm?). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 

The maximum number of guaranteed erase/ 
write cycles is 50. Data retentions exceeds 20 
years. 
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FPLS PROGRAM TABLE 


OUTPUT ENABLE CONTROL 


POLARITY 


OMC CONFIG. 
SERRBERERS 
TITTLE TTT Aree TT TTT TT Tt 


CLK CONTROL 
a [8(0) 
is] 
a 


[s]4] a] 2[sJo} [s]s]7] 6] 


F/F MODE (D OR JK) 


Asynchronous Clock Control 


Dynamic Flip-Flop Mode Control 


OMC Direction Control 


ey head eal Rey) rod rod aed fee eed Reed ed Be) shal olat|a =| -lolololo|ajoltn 
SL OIDOlK | Nl st] oO Lond Md Bt —T NOP [io hm] oO =|} ANlLom|O o 


1/O Direction Control 


Dr, 


= OMC Load 


nand LA,B 


LM 


Flip-Flop Preset 


PMny and PA,B= 


RMn 


Flip-Flop Reset 


nN 


Sy 


[| 
& 
= 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLC415-16 PLD is a CMOS Program- — e pin_for—Pin compatible, functional 

mable Logic Sequencer of the Mealy type. The superset of PLS105/A and PLUS405 N, FA Package 
PLC415-16 is a pin—for—pin compatible, func- Logic Sequencers 

tional supersetofthe PLS105andPLUS40S5Bi- . Jar, standby power of less than 100A 

polar Programmable Logic Sequencer devices. (worst case) 

The PLC415 is ideally suited for high density, — Power dissipation at fyax = 80mA 

power sensitive controller functions. The Power (worst case) 


Down feature provides true CMOS standby 
power levels of less than 100LA. The EPROM— 


CMOS and TTL compatible 
Programmable asynchronous 


based process technology supports operating Initialization and OE functions 
frequencies of 16 to 2OMHz. The PLC415-16 — Controllable from AND Array or 
has been designed to accept both CMOS and external source 


TTL input levels to facilitate logic integration in 
almost any system environment. 


17 input variables 


8 output functions 


68 Product Terms 
— 64 transition terms 
— 4control terms 


8-bit State Register 
8-bit Output Register 


Two clock sources enable the designof2 state ° 2 Transition Complement Arrays 
machines on one chip. The J—K flip-flops pro- © Multiple clocks 

vide the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. The 
programmable Initialization feature supports 
asynchronous initialization of the state machine 
to any user definedpattern. Separate INITfunc- © J-K flip-flops 

tions and Output Enable functions are controlla- — Automatic Hold states 
ble either from the array or from an external pin. 


The PLC415 architecture has been tailored for 
state machine functions. Both arrays are pro- 
grammable, thus providing full interconnect- 
ability. Any one or all of the 64 AND transition 
terms can be connected to any (or all) of the 8 
buried state and 8 output registers. 


© Diagnostic test modes features for N=Plastic . 
FA = Ceramic with Quanz window 
access to state and output registers 


e Power-on preset of all registers to “1” 


A Package 


Security Fuse Ij/CLK Ig 17 CLK Voclg 


The unique Complement Array feature’ sup- 
ports complex ELSE transition statements with 
a single product term. The PLC415-16 has 2 
Complement Arrays which allows the user to APPLICATIONS 
design twoindependent complement functions. 
This is particularly useful if two state machines 
have been implemented on one chip. ¢ Sequence detectors 

e Peripheral controllers 


3-State outputs 


e Interface protocols 


Timing generators 


Sequential circuits 


e Elevator controllers 


Security locking systems 


© Counters NOTE: 
A = Plastic Leaded Chip Carrier 


Shift Registers 


en PHILIPS 
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[ewno. [ syws0. 


INIT/OE 
l1@/PD 


October 16, 1989 


NAME AND FUNCTION 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on 
this line is necessary to update the contents of both registers. Pin 1 only clocks Pp_ 3 and 
Fo_3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Logic Input/Clock: A user programmable function: 


@ Logic Input: A 13th external logic input to the AND array, as above. 


© Clock: A 2nd clock for the State Registers P4_ 7 and Output Registers F4_7, as above. 
Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When |;2 is held at +11V, device outputs Fo — Fz 
reflect the contents of State Register bits Pp —- P7. The contents of each Output Register 
remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When |,; is held at +11V, device outputs Fo — F7 
become direct inputs for State Register bits Py — P7; a Low—to—High transition on the ap- 
propriate clock line loads the values on pins Fg — F7 into the State Register bits Pg — P7. 
The contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When |;o is held at +11V, device outputs Fy — F7 
become direct inputs for Output Register bits Qg — Q7; a Low-to—High transition on the 
appropriate clock line loads the values on pins Fy — F7 into the Output Register bits Qy — 
Q7. The contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which nor- 
mally reflect the contents of Output Register Bits Qg - Q7, when enabled. When 12 is held 
at +11V, Fo — F7 = (Pp — P7). When 1,, is held at +11V, Fo — F7 become inputs to State Reg- 
ister bits Pp — Pz. When lj is held at +11V, Fy — F7 become inputs to Output Register bits 
Qo = Q). 


External Initialization, External /OE, PD or I,¢: A user programmable function: Only one 
of the four options below may be selected. Note that both Initialization and /OE options are 
alternately available via the AND array. (P—terms INA, INB, OEA, and OEB.) 


e External Initialization: Provides an asynchronous Preset to logic “1” or Reset to logic 
“0” of any or all State and Output Registers, determined individually on a register—by— 
register basis. INIT overrides the clock, and when held High, clocking is inhibited. Normal 
clocking resumes with the first full clock pulse following a High—to—Low clock transition, 
after the INIT pulse goes Low. See timing diagrams for tyycx and tycx. Note that if the 
External Initialization option is selected, |; is disabled automatically via the design 
software and the Power Down and External OE options are not available. Internal OE is 
available via P—Terms OEA and/or OEB. This option can be selected for one or both banks 
of registers. 


e External Output Enable: Provides an Output Enable/Disable function for Output Regis- 
ters. Note that if the External OE option is selected, |; is disabled automatically via the 
design software and the Power Down and External INIT options are not available. Internal 
INIT is available via P-terms INA and/or INB. This option can be selected for one or both 
banks of registers. 


e¢ Power Down: When invoked, provides a Power Down (zero power) mode. The contents 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, |g is disabled automatically via the design software and the 
External INIT and External OE options are not available. Internal INIT is available via 
P—terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 


@ Logic Input: The 17th external logic input to the AND array as above. Note that when 
the |,— option is selected, the Power Down, External /OE and External INIT are not avail- 
able. Internal OE and Internal INIT are available from P—Terms OEA/OEB and INA/INB, 

respectively. 
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Active—High (H) 


Active—High/Low 
(H/L) 


Active—High/Low 
(H/L) 


Active—High (H) 


Active—High/Low 
(H/L) 


Active—High/Low 


(H/L) 


Active—High/Low 
(H/L) 


Active-High (H) 


Active—-High (H) 


Active—Low (L) 


Active—High (H) 


Active—High/Low 
(H/L) 
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TRUTH TABLE 1: 2: 3; 4, 5, 6 


OPTION 


Vcc 


<x KK KK XK 


+ 
—_ 
eel 
< 


ppecefreeees] fa 
= <M MO I 
< 


1. Positive Logic: 
S/R (or J/K) = To + Ty + To+ a . 163 
Th = (Co, Cr)(lo, Iy, la, . . .) (Po, Pi. . - Pz) 

2. Either Initialization or Output Enable are available, but not both. The desired function is a user—programmable option. 

3. T denotes transition from Low-to—High level. 

4. X = Don't Care (<5.5V) 

5. H/L implies that either a High or a Low can occur, depending upon user—programmed Initialization selection (each State and Output Register 
individually programmable). 

6. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3—Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN STATE LOGIC FUNCTION 
A factory—shipped virgin device contains all 
fusible links intact, such that: Typical State Transition: 


1. INIT/OE/PD/l1¢ is set to INIT. In order to 
use the INIT function, the user must se- 
lect either the PRESET or the RESET op- 
tion for each flip-flop. Note that regardless 
of the user—-programmedgdé initialization, or 
even if the INIT function is not used, all 


registers are preset to “1” by the power— 


up procedure. 


Q2 Q1 QO 
A-B*C*,.. 


STATE REGISTER 


SET Qo: Sp = (G2 Q}° Op) ABC... 
=0 


2. All transition terms are inactive (0). = 
3. All J/K flip-flop inputs are disabled (0). RESET Qy:S;=0 
Ry = (Go ‘Qy- Gp) ABC... 
4. The Complement Arrays are inactive. 
HOLD Qo: Sz =0 
5. Clock 1 is connected to all State and Out- R2 =0 


put Registers. 
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FUNCTIONAL DIAGRAM 


CK1/CK2 
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OE/INIT/PD/I16 


CLK1/CLK2 


4 | I5/CLK2 


| Saacassrases Soascassas 


ea ee CE EEE | | 

ET TT 

Pe 

ET TE 
DETAIL D — LiL 


| 

| 
”n 
= 
oa 
Ww 
= 
O 
@) 
1°) 
aad 

| 


ES SS UR RR SR SAT BS SES HS 
(SURG SR SE OR GY GR OROS Soe GERD Oe Gt 
ry ry a 


Programmable connection. 
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DETAILS FOR PLC415-—16 LOGIC DIAGRAM 


TO OUTPUT 
PINS 


FROM OE PIN 19 
OR PTERM OEA (Fy_3) 
OR OEB (F4_7) 


FROM INIT PIN 19 FROM CLK1 
OR PTERM INA (Fo_3) OR CLK2 


FROM INIT PIN 19 FROM CLK1 OR INB (F4_7) 


OR PTERMINA (Pp_3) OR CLK2 
OR INB (P4_7) 


Detail A Detail B 
State Registers Pp — P7 Output Registers Fy — F7 


INTERNAL INTERNAL 
OE OE 
() 
POWER it a. A 
DOWN 
SELECT 
{ 
= EXTERNAL 
4 = INITOROE i OEB 
t) 


& FROM AND 
ARRAY 7 OEANIT/PDA16 


(PIN 19) 


Detail C 
Pin 19 Options: OE, Initialization, Power Down and Input 16 


FROM P47 AND Po_3 AND 
AND ARRAY F4_7 INIT Fo_3 INIT 


FROM PIN 19 
CONTROL 


Detail D 
Internal and External Initialization 
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DETAILS FOR PLC415-—16 LOGIC DIAGRAM (Continued) 


The Complement Array is a special sequencer 
feature that is often used for detecting illegal 
States. Itis also ideal for generating IF-—THEN- 
ELSE logic statements with a minimum number 
of product terms. 


The concept is deceptively simple. If you sub- 
scribe to the theory that the expressions 
(/A + /B*/C) and (A + B + C) are equivalent, 
you will begin to see the value of this single term 
NOR array. 


The Complement Array is asingle OR gate with 
inputs from the AND array. The output of the 
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TO OR ARRAY 


Complement Array Detail 


Complement Array is inverted and fed back to 
the AND array (NOR). The output of the array 
will be Low if any one or more of the AND terms 
connected to it are active (High). If, however, all 
the connected terms are inactive (Low), which 
is a Classic unknown state, the output of the 
Complement Array will be High. 


Consider the Product Terms A, B and D that 
represent defined states. They are also con- 
nected to the input of the Complement Array. 
When the condition (not A and not B and not D) 
exists, the Complement Array will detect this 
and propagate an Active—High signal to the 
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AND array. This signal can be connected to 
Product Term E, which could be used in turn to 
reset the state machine to a known state. With- 
out the Complement Array, one would have to 
generate product terms for all unknown or ille- 
gal states. With very complex state machines, 
this approach can be prohibitive, both in terms 
of time and wasted resources. 


Note that the PLC415—16 has 2 Complement 
Arrays which allow the user to design 2 inde- 
pendentComplementfunctions. This is particu- 
larly useful if 2 independent state machines 
have been implemented on one device. 
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ORDERING INFORMATION 


RATINGS UNIT 


—65 to +150 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a Stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


NOTES: 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typ' | Max | UNIT 


Input voltage? 
V 


Ciow | v 


Output voltage? 


Voc = MIN 


Vou 


‘ 
~ 
° 
= 
< 
8 
I 
= 
za 
: 
w 
< 


| 
eo) 
= 
o 
= 
i 
ho 
3 
> 
nm 
> 
; 


Output current 
= i 
asserted Vin =O or Voc 
loc Vcc supply current Active * 5 lout = OmA 


(TTL or CMOS Inputs) Vcc = MAX at f = MAX 


Capacitance 


fo) 


< 
Q 
.o) 
I 
oO 
< 


il 
s = 


NOTES: 

1. All typical values are at Voc = 5V. Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Duration of short-circuit should not exceed one second. Test one ata time. 

4. Tested with TTL input levels: Vi. = 0.45V, Viy = 2.4V. Measured with all inputs and outputs switching. 

5. Refer to Figure 1, loc vs Frequency (worst case). 

6. Refer to Figure 2 for Atpp vs output capacitance loading. 

7. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 


é 
a 
a. 
~ 
<J 


o = no oO a on MN 


12 4 6 8 10 12 14 #46 18 
f(MHz) 


0 20 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 


Figure 2. Atpp vs Output Capacitance 
Loading (Typical) 


Figure 1. Ilcc vs Frequency 
(Worst Case) 
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AC ELECTRICAL CHARACTERISTICS R, = 252Q, Rp = 178Q, 0°C < Ta < +75°C, 4.75 < Voc < 5.25V 


TEST LIMITS 
SYMBOL PARAMETER TO CONDITION | Min | Typ | Max UNIT 


Pulse width 


to oe ee ee 
ton ee ee ee ee 
tw | Inializaion nputpuise |] NT+ Tt | or | 20 P| 


t 1 Clock resume (after INIT) when 1) 4/ 
VCK2 using P-term INIT (from AND array) ae 


Clock lockout (before INIT) when 
'nvcki using INIT pin (pin 19) CK- INIT- 30pF 10 
Clock lockout (before INIT) when 
1 
tNvcK2 using P—term INIT (from AND array) oe INIT— 30pF po | 


PD+ 


Power Up to outputs Active , 
Power Up to outputs Active , 
Last valid clock to Power Down 


| 30pF 
Clock resume (after INIT) when 
using INIT pin (pin 19) INIT— CK- 30pF 


QO 
zx 
| 
w 
fo) 
no) 
nN 
a 
io) 


First valid clock cycle before Power | Beginning of First 300F 
Up Valid Clock Cycle P 
top1 Output Disable; from /OE pin OE+ Output Disabled 5pF 


INIT to twh ing Pt 
tni2 ar output when using P—-term (\) 4/- (F) 4/- 30pF 


Registered operating period; 
(tis + texo1) 


Registered operating period with 
1 
'cKp2 Complement Array (tiso + teKo1) () +/- (FP) ef- aver 


NOTE: 
1. Not 100% tested, but guaranteed by design/characterization. 


(I) +/— (F) +/— 30pF 


Ww nm NM} nmol] — 
nn ie) OoO;ntT oa 


NSN QO)! il] w w Sa) Ww wi} rm 
on a};o|o oO on e,) Oo} PM 
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AC ELECTRICAL CHARACTERISTICS (Continued) R, = 252Q, Rp = 178Q, 0°C < Ty < +75°C, 4.75 < Voc < 5.25V 


TEST LIMITS 
SYMBOL PARAMETER CONDITION | Min | Typ | Max | UNIT 


Pu Drewes CdS RSSYSC SSC Td 


NOTE: 
1. Not 100% tested, but guaranteed by design/characterization. 


TIMING DIAGRAMS 


CLK1/2 


OE 
(from OEA/B or Pin 19) 


Sequential Mode 


Mou as on ri | <M : 


Asynchronous Initialization 
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The PLC415—16 has a unique power down fea- 
ture that is ideal for power sensitive controller 
and state machine applications. During idle pe- 
riods, the PLC415 can be powered down to a 
near zero power consumption level of less than 
100 micro Amps. Externally controlled from 
Pin 19, the power down sequence first saves 


TIMING DIAGRAMS (Continued) 


ADDRESS 


LAST VALID 
CLOCK 


OUTPUT 


the data in all the State and Output registers. In 
order to insure that the last valid states are 
saved, there are certain hold times associated 
with the first and last valid clock edges and the 
Power Down input pulse. The Outputs are then 
automatically 3-Stated and power consump- 
tion is reduced to a minimum. 


KKK 


—— 
LAST VALID 
STATE 


POWER DOWN 


Power Down Enable and Disable 


CLK1/2 


October 16, 1989 


us 


Power-On Preset 
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POWER UP 


Once in the power down mode, any or all of the 
inputs, including the clocks, may be toggled 
without the loss of data. To obtain the lowest 
possible power level, the inputs should be at 
static CMOS input levels during the power 
down period. 


FIRST VALID 
CLOCK 


LAST VALID 
STATE 
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TIMING DIAGRAMS (Continued) 


4s 


“INTERNAL. 
Qo - @7 _STATEREG.__(Ps) 


RS (797, Ca 


tcKO 


Diagnostic Mode—State Register Outputs 


Fo —F7 
(INPUTS) 


P 
STATE 
REG. 


Diagnostic Mode—State Register Input Jam 


Fo _F7 
(INPUTS) 


ov 


(8) LZR 


Diagnostic Mode—Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 


fuax1,2 | Minimum guaranteed 
operating frequency. 
Width of input clock pulse. 


teKL Interval between clock 
pulses. 


Minimum guaranteed 
operating period — when not 
using Complement Array. 


Minimum guaranteed 
operating period — when 
using Complement Array. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

outputs enabled). 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Required delay between the 
positive transition of the 
beginning of the first valid 
clock cycle to the beginning 
of Power Down LOW to 
insure that the last valid 
states are intact and that the 
next positive transition of the 
clock is valid. 


Required delay between the 
positive transition of the last 
valid clock and the beginning 
of Power Down HIGH to 
insure that last valid states 
are saved. 


tinITH Width of initialization input 
pulse. 


tinits Delay between positive 
transition of Initialization and 
when Outputs become valid 
when using external INIT 
control (from pin 19). 
Delay between positive 


transition of Initialization and 


when outputs become valid 
October 16, 1989 


when using internal INIT 
control (from P—terms INA 
and INB). 


Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 
clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 


SYMBOL PARAMETER 


Required delay between the 
beginning of Power Down 
LOW and the positive 
transition of the first valid 
clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization 
when using external INIT 
control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization, 
when using the internal INIT 
control (from P—terms INA 
and INB), to guarantee that 
the clock edge is not detected 
as a Valid negative transition. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state, when using 
external OE control (from 
pin 19). 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State when using 
internal OE control (from 
P—terms OEA and OEB). 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid when 
using external OE control 
from pin 19. 


Delay between beginning of 
Output Enable Low and when 
outputs become valid when 
using internal OE control 
(from P—terms OEA and 
OEB). 


Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF—State and 
the circuit is “powered down”. 
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SYMBOL PARAMETER 


a Delay between Vcc (after 


power—on) and when Outputs 
tpuat2 Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the circuit is “powered 
up”. See AC Specifications. 
H 


become preset at “1”. 


tRJH 


trus 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
positive transition of Clock 
and end of inputs 1,; or ly 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


Required delay between 
when inputs 114 or l4 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


tsrp 


Delay between input |,> 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Delay between input I. 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

Register. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 


Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internal INIT control (from 
P—terms INA and INB). 


Required delay between Vcc 
(after power-on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 
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TEST LOAD CIRCUIT 


LOGIC PROGRAMMING 

PLC415-—16 logic designs can be generated 
using Signetics AMAZE design software or 
several other commercially available, JEDEC 
standard PLD design software packages. 
Boolean and/or state equation entry format is 
accepted. Schematic capture entry formats are 
also supported. 


CL 


(INCLUDES 
= SCOPE AND JIG 
CAPACITANCE) 


PLC415—16 logic designs can also be gener- 
ated using the program table format detailed on 
the following page(s). This Program Table 
Entry format (PTE) is supported by the 
Signetics AMAZE PLD design software. 
AMAZE is available free of charge to qualified 
users. 


INITIALIZATION (PRESET/RESET)"! OPTION — (P/R) 


ACTION CODE 
INDETERMINATET49| 0 


active? | 0 


Notes are on page 291. 
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i 
a 


INIT 


[—preser? |__| 


289 


VOLTAGE WAVEFORMS 


+3.0V ———— 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


To implement the desired logic functions, each 
logic variable (|, B, P, S, T, etc.) from the logic 
equations if assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are defined 
below. 


ACTION 
NOINITFUNCTIONS?| - | 
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LOGIC PROGRAMMING (Continued) 


PIN 19 FUNCTION: POWER DOWN, INIITALIZATION, OE, OR INPUT 


Power Down Mode 


(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 


FROM PIN 19 aoe 


INIT DISABLED 
FROM PIN 19 


146 DISABLED 


POWER DOWN FUSE 
PIN 19 AS POWER DOWN 


EXTERNAL INIT/OE FUSE 
EXTERNAL INIT/OE DISABLED 


External Initialization Control 


(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 
DISABLED OE DISABLED 


FROM PIN 19 FROM PIN 19 


INIT CONTROL 
FROM PIN 19 


14g DISABLED 


POWER DOWN DISABLED ul 


EXTERNAL INIT/OE FUSE CODE 
PIN 19 AS EXTERNAL INIT L 


INTERNAL INIT FUSES | CODE | 


P-TERM INIT ACTIVE OR 78 
INACTIVE HORL": 


External Output Enable Control 


(PD FUSE) (INIT/OE FUSE) 


POWER DOWN 


FROM PIN 19 FROM PIN 19 


INIT DISABLED 
FROM PIN 19 


EXTERNAL INIT/OE FUSE CODE 
PIN 19 AS EXTERNAL OE 


CODE 


HORL’»8 


Notes are on page 291. 
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P—Term Initialization Control 


FROM AND ARRAY 


PRESET/RESET 
TO REGISTERS 


INTERNAL INIT FUSE 


INIT DISABLED 
FROM PIN 19 


INTERNALINITFUSES =| CODE | 
P-TERM INIT CONTROL 
POWER DOWN FUSE 


POWER DOWN ENABLED OR 
DISABLED HORL 
P—Term OE Control 


FROM AND ARRAY 


OUTPUT ENABLE 
CONTROL 


INTERNAL OE FUSE 


OE DISABLED 
FROM PIN 19 


INTERNAL OE FUSES CODE 
P-TERM OE CONTROL ee 


POWER DOWN FUSE CODE 


POWER DOWN ENABLED OR 
DISABLED HORL 
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LOGIC PROGRAMMING (Continued) 


“OR” ARRAY — J-K FUNCTION - (N), (F) 


ACTION CODE ACTION CODE ACTION CODE 
SET RESET DONTCARE | - | 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 


CODE ACTION CODE ACTION CODE ACTION CODE 
iwactve®3 | 0 | GENERATE | A | PROPAGATE | @ | TRANSPARENT | - | 


CLOCK OPTION — (CLK1/CLK2) 


CLK2 


CLK1 


CODE 
CLK1 ONLY! CLK1andCLK2> | HH | 


NOTES: 

. This is the initial unprogrammed state of all links. 

Any gate T,, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 

These states are not allowed when using PRESET/RESET option. 

Input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 

When using Power Down feature, INPUT 16 is automatically disabled via the design software. 

If the internal (P—term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be per- 

manently disabled, regardless of the state of the External INIT/OE fuse. 

One internal control fuse exists for each group of 8 registers. Pp_ 3 and Fp_ 3 are banked together in one group, as are P4_7 and F4_7. 

Control can be split between the INIT/OE pin (Pin 19) and P—terms INA, INB, OEA and OEB. 

9. The PLC415—16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 
elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

10. L = cell unprogrammed. 

H = cell programmed. 

11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internal INIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 


NORPRO = 


= 
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PROGRAM TABLE 


OPTIONS 


OR (Ns, Fn) 
(Cn) 


INACTIVE ‘0 | TOGGLE 0 | EXTERNAL INIT POWER DOWN iH INITIALIZATION 
| GENERATE _ set LH EXTERNAL OE [H] [ENABLED PRESET cl 


Prom [=I 
[INDETERMINATE O | 


POWER DOWN L 
DISABLED 


CLOCK 1 ONLY 
CLOCK 1 AND 2 | H| 


LA | 
PROPAGATE | @| |NO CHANGE | —| 


TRANSPARENT | —| 


INTERNAL 
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DISABLED 


Pepe ELE LE rit tf 
Pees ee 
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PIN 
LABELS 
NOTES: 
1. In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain “O"s for all product terms (inactive) and 
initialization states (indeterminate). The default or unprogrammed state of all other options is "L”. 
2. Unused Cn, Im and Ps cells are normally programmed as Don't Care (-). 


3. Unused product terms can be left blank (inactive) for future code modification. 
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CMOS Programmable Logic Sequencer 


(17 x 68 x 8) 


ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 

The erasure characteristics of the PLC415 
Series devices are such that erasure begins to 
occur upon exposure to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps has wavelengths in 
the 3000 — 4000A range. Data shows that con- 
stant exposure to room level fluorescent 
lighting could erase a typical PLC415 in 
approximately three years, while it would take 
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approximately one week to cause erasure 
when exposed to direct sunlight. If the PLC415 
is to be exposed to these types of lighting condi- 
tions for extended periods of time, opaque 
labels should be placed over the window to 
prevent unintentional erasure. 


The recommended erasure procedure for the 
PLC415 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Ang- 
stroms (A). The integrated dose (i.e., UV inten- 


sity X exposure time) for erasure should be a 
minimum of 15Wsec/cm?. The erasure time 
with this dosage is approximately 30 to 35 
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minutes using an ultraviolet lamp with a 


12,000LLW/cm? power rating. The device 
should be placed within one inch of the lamp 
tubes during erasure. The maximum integrated 
dose a CMOS EPLD can be exposed to without 
damage is 7258Wsec/cm? (1 week @ 


12000LLW/cm2). Exposure of these CMOS 


EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 


The maximum number of guaranteed erase/ 
write cycles is 50. Data retention exceeds 20 
years. 


Signetics 
Document No.} 853-0310 
ECN No. 97888 
Date of Issue | October 16, 1989 


Status Product Specification 


Programmable Logic Devices 


DESCRIPTION 

The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of 
the Mealy type. They contain logic AND— 
OR gate arrays with user programmable 
connections which control the inputs of 
on-chip State and Output Registers. 
These consist respectively of 6 Qp, and 8 
Q¢ edge-triggered, clocked S/R flip-flops, 
with an Asynchronous Preset option. all 
flip-flops are unconditionally preset to “1” 
during power turn on. 


The AND array combines 16 external in- 
puts Ip — Iy5 with six interna! inputs Po _s, 
which are fed back from the State Regis- 
ters to form up to 48 transition terms (AND 
terms). All transition terms can include 
True, False, or Don’t Care states of the 
controlling variables, and are merged in 
the OR array to issue next-state and 
next-output commandsto their respective 
registers on the Low—to—High transition of 
the Clock pulse. Both True and Comple- 
ment transition terms can be generated by 
optional use of the internal input variable 
(C) from the Complement Array. Also, if 
desired, the Preset inputcan be converted 
to Output Enable function, as an additional 
user-programmable option. 


Order codes are listed in the Ordering 
Information Table. 


PLS105/A 
Field-Programmable Logic 
Sequencers (16 x 48 x 8) 


FEATURES PIN CONFIGURATIONS 
@ PLS105 fyax = 13.9MHz N Package 

— 20MHz clock rate 
@ PLS105A fax = 2OMHz 

— 25MHz clock rate 


@ Field-Programmable (Ni-Cr link) 
© 16 input variables 

® 8 output functions 

© 48 transition terms 

@ 6-bit State Register 

e 8-bit Output Register 

@ Transition complement array 


@ Positive edge-triggered clocked 
flip-flops 


@ Programmable Asynchronous 
Preset or Output Enable 


© Power-on preset to all “1” of 
internal registers 

© Power dissipation: 600mW (typ.) A Package 

© TTL compatible 

® Single +5V supply 


e 3-State outputs 


APPLICATIONS 

® Interface protocols 

® Sequence detectors 
@ Peripheral controllers 
® Timing generators Fs F4 GND Fz Fo Os Fo 


® Sequential circuits 


@ Elevator controllers 
® Security locking systems 
@ Counters 


@ Shift registers 


PHILIPS 


PHILIPS 


294 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencers (16 x 48 x 8) PLS105/A 


FUNCTIONAL DIAGRAM 


LOGIC TERMS 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High 
this line is necessary to update the contents of both registers. 


Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active—High/Low 
between machine states, as determined by a given logic sequence. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active—High/Low 
exercised with standard TTL levels. When lo is held at +10V, device outputs Fo_5 reflect 

the contents of State Register bits Pp_5. The contents each Output Register remains 

unaltered. 


Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active—High 
Output Register bits Qo _ 7, when enabled. When lp is held at +10V, Fo_5 = (Po-_5), and 
Fe 7 = Logic “1”. 


Preset or Output Enable Input: A user programmable function: 


@ Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active-High (H) 
bits. Preset overrides Clock, and when held High, clocking is inhibited and Fo _ 7 are High. 
Normal clocking resumes with the first full clock pulse following a High—to—Low clock tran- 


sition, after Preset goes Low. 


e Output Enable: Provides an Output Enable function to all output buffers Fo _ 7 from the Active—Low (L) 


Output Register. 
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PLS105/A 


FPLS LOGIC DIAGRAM 


& —— (LOGIC TERMS - T) — | 


(OPTION) 


BEER BOE WEBSE SERRA GR WER GHEE BITEB SOAR HTD SEA GSAS ONES EHR HER RD 19 | PRIOE 
Ce re [ | 


CSRIEBES SISK PEROR LORDS CORRS BARES BERR 
6 


Ce 
CTT 
CTT 
x CTT 
CT 
CT 


P 
° eee ee eeett ame 


Py 


P2 


Pp 

; Ssssseedastt1ii A asinsninnianHTnETTTaTTTeeTrTa 

Pp 
‘ rpg ptf ppg adden ciate 


Ps 


He ee 
AEAAUEHMEERGAGUGTSEGSHASMIGEREGEMGGUGEGEMUGEREREEST ct 
SORGP Oman Id0n ee CReRNM ORNL UO mnasarnsmcrmanee 
CEEEEEC EEC HEE EEE ah Ewa 
PUT SS He ol 
TT oleae 
SARGERAS ERRGEEEEERGRGRMEERERAGRUREERERBGRE Poe a 
RHASUGHIGREEEEGIEEGRIGE REAAUGEMGIGELEUMGEGBEOEESE SO 
STnRcoemed aenuae ancanne Pe a 
AEAEAASMIEGEGEUEGGHGHAAMGEEGESEMERELGLAMEGBEOREESI os 
HERR URGmNGR TORO mannaee aoa 


| 


NOTES: 

1. All AND gate inputs with a blown link float to a logic "1". 
2. All OR gate inputs with a blown fuse float to logic ''0"'. 
3. Programmable connection. 


October 16, 1989 296 


Signetics Programmable Logic Devices 


Product Specification 


Field-Programmable Logic Sequencers (16 x 48 x 8) 


TRUTH TABLE 1:2 3, 4, 5, 6 


ee 
Ip CK se 


+ 
63] 
< 
tt 


Ss R 
X X 
X X 
X X 
X X 
X X 
X X 
L L 
L H 
H L 
H H 
X X 


x< 


rps 


NOTES: 

1. Positive Logic: 
S/R = To + Ty +Tot+... + 147 
Th = C(I |; lo...) (Po Py. . . Ps) 


nN 


Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. The 
desired function is a user—programmable option. 


T denotes transition from Low-to—High level. 
R = S = High is an illegal input condition. 
*“=HorLor +10V. 

X = Don't Care (<5.5V). 


oe © 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
28-Pin Plastic DIP (600mil_wide) PLS105N, PLS105AN 
28-Pin Plastic Leaded Chip Carrier PLS105A, PLS105AA 


ABSOLUTE MAXIMUM RATINGS! 


a 
SYMBOL PARAMETER 


Sa Ln Sani in 
Tim | mputvotege |e 
—— 
= 


Tics | Ouputcanons Sd tm 
tx | Opraineronpartvorarae | 0 | ws | 


NOTES: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


October 16, 1989 297 


PLS105/A 


LOGIC FUNCTION 


Typical State Transition: 


Q2 Q1 Qo 


STATE REGISTER A B*6" so: 


SET Qo: So = (G2 ° Qy° Gp) "A B-C... 
Ro =0 


RESET Q,: S$; =0 
Ry = (2° Q1°o) ABC... 


HOLD Q2:S9 =0 
Ro =0 


VIRGIN STATE 


The factory shipped virgin device contains all 
fusible links intact, such that: 


Is 


on 


PR/OE optionis setto PR. Thus, all outputs 
will be at “1”, as preset by initial power—up 
procedure. 

All transition terms are disabled (0). 

All S/R flip—flop inputs are disabled (0). 
The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro- 
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 


THERMAL RATINGS 


Allowable thermal rise 75°C 
ambient to junction 


TEMPERATURE 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencers (16 x 48 x 8) PLS105/A 


DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc $ 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION 


ye eel | 
Input voltage? 


Vin i Vcc = Max 2.0 V 
Viv Voc = Min 0.8 V 
Vic 3 Voc = Min, lin =—-12mA —0.8 -1.2 V 


Output voltage? 


Vcc = Min 
Von High* lon =—2mA 2.4 V 
VoL LowS lov = 9.6mA 0.35 0.45 V 
ly High Vin = 5.5V <1 25 LA 
fy Low Vin = 0.45V -10 | -100 LA 
lie Low (CK input) Vin = 0.45V —50 —250 LA 


Output current 


Se 
Cin pF 
Court pF 
Measured with Vi, applied to OE and a logic high stored, or with Vj applied to PR. 

Measured with a programmed logic condition for which the output is at a low logic level, and V\_ applied to PR/OE Output sink current is 


NOTES: 
All typical values are at Voc = 5V, Ta = +25°C. 
supplied through a resistor to Voc. 

Measured with V4 applied to PR/OE. 


Voc = Max 
lO(oFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V 
Short circuit? ” Vout = 0V 
All voltage values are with respect to network ground terminal. 
Duration of short circuit should not exceed 1 second. 


Test one at a time. 
Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 


eS ye 


al 


October 16, 1989 298 


Signetics Programmable Logic Devices Product Specification 


Field-Programmable Logic Sequencers (16 x 48 x 8) PLS105/A 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta < +75°C, 4.75V < Veco < 5.25V 


LIMITS 
SYMBOL PARAMETER FROM | PLS105— UNIT 
Fai ee Da eT pe 
pulsewidth 


CK — 


Clock? High CK + 


Clock Low CK- CK + 
Period (without Complement Array) Output +/— | Input +/— 
Period (with Complement Array) Output +/— | Input +/— 


Preset pulse PR + PR-—- 


Input 
Input 


Input 


Input (through Complement Array) 


Input (through Complement Array) 


Input (through Complement Array) 


Power-on preset 
Preset 


rw [we S—~—~sC see Ts Pw | de ll 


Propagation delay 


Clock Output + 
Output enable Output — 
Output disable Output + 
Preset Output + 


Power-on preset Output + 


Frequency of operation? 


fuaxC Without Complement Array 13.9 20.0 MHz 
[tise | winconmmmonarey” | | ||| | es | te 
NOTES: 
1. All typical values are at Voc = 5V, Ta = +25°C. 


2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns. 
3. See “Speed vs. OR Loading” diagrams. 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


CL 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


input Pulses 
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TIMING DIAGRAMS 


CLK 
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Sequential Mode 


Asynchronous Preset 


(Fn+1] 


WF06871S 


Power-On Preset 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Clock period — when not 
tcKpr using Complement array. 


Required delay between 
beginning of valid input and 
positive transition of clock. 


Required delay between 
beginning of valid input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND array). 


Required delay between Voc 
(after power—on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Required delay between 
negative transition of 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Required delay between 
positive transition of Clock 
and end of valid input data. 


Delay between positive 
transition of clock and when 
outputs become valid (with 
PR/OE Low). 


Delay between beginning of 
Output Enable Low and when 
outputs become valid. 


Delay between beginning of 
Output Enable High and 
when outputs are in the 
OFF-State. 


Delay between input Ip 
transition to Diagnostic mode 
and when the outputs reflect 
the contents of the State 
Register. 


Delay between input Io 
transition to Logic mode and 
when the outputs reflect the 
contents of the Output 

Register. 


Delay between positive 
transition of Preset and when 
outputs become valid at “1”. 


Delay between Vcc (after 
power-on) and when outputs 
become preset at “1”. 


Width of preset input pulse. 
S fuax | Maximum clock frequency. 
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Field-Programmable Logic Sequencers (16 x 48 x 8) 


TIMING DIAGRAMS (Continued) 


INTERNAL 
STATE REG 


Diagnostic Mode 


SPEED VS. “OR” LOADING 


The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 


(1/fax) = toy = tis + texo 


This frequency depends on the number of 
transition terms T, used. Having all 48 terms 
connected in the AND array does not appre- 
ciably impact performance; but the number 
of terms connected to each OR line affects 
tis, due to capacitive loading. The effect of 
this loading can be seen in Figure 1, showing 
the variation of tis; with the number of terms 
connected per OR. 


The PLS105 AC electrical characteristics 
contain three limits for the parameters tis; 


and tiga (refer to Figure 1). The first, tiga is 
guaranteed for a device with 48 terms con- 
nected to any OR line. tis1g is guaranteed for 
a device with 32 terms connected to any OR 
line. And tisi¢ is guranteed for a device with 
24 terms conntected to any OR line. 


The three other entries in the AC table, tis2A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip Comple- 
ment Array. 


The PLS105A AC electrical characteristics 
contain two limits for the parameters tig; and 
tiso (refer to Figure 2). The first, tis is guar- 
anteed for a device with 24 terms connected 
to any OR line. tis;g is guaranteed for a de- 
vice with 16 terms connected to any OR line. 
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WF06881S 


16 24 
TERMS CONNECTED/OR 
OP01261S 


Figure 1. PLS105 tis; vs. 
Terms/OR Connected 


TERMS CONNECTED/OR 
OP01251S 


Figure 2. PLS105A tis; vs. 
Terms/OR Connected 
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The two other entries in the AC table, tigo A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 


The worst case of tis for a given application 
can be determined by identifying the OR line 
with the maximum number of T,, connections. 
This can be done by referring to the intercon- 
nect pattern in the PLS logic diagram, typical- 
ly illustrated in Figure 3, or by counting the 
maximum number of “H” or“L” entries in one 
of the columns of the device Program Table. 


This number plotted on the curve in Figure 1 
or 2 will yield the worst case tis and, by impli- 
cation, the maximum clocking frequency for 
reliable operation. 


Note that for maximum speed all UNUSED 
transition terms should be disconnected from 
the OR array. 


TRANSITION TERMS T, 


(4) 


TERMS/OR (2) 


AFO1810S 


Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 

PLS105/A logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLS105/A logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Signetics 
AMAZE PLD design software (PTP module). 
AMAZE is available free of charge to qualified 
users. 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(1, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


“AND” ARRAY - (1), (P) 


i,p 
I, P 
ip 
Th 


[stare cove] 
[iwactves? [0 


“OR” ARRAY - (N), (F) 


Th 


Te 
mt —t—} 


PRESET/OE OPTION - (P/E) 


P=0 
(PRESET 


E=1 


(ALWAYS DISABLED) 
ENABLED) 


| OPTION | CODE __ 
| preset’ | 


PROGRAMMING: 

The PLS105/A has a power-up preset feature. This feature insures that the device will power—up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 


DON'T CARE 


ACTION ACTION CODE ACTION CODE 
inacTivE"3 [serif | RESET 


“COMPLEMENT” ARRAY - (C) 


c 
c 
Th 


ACTION CODE ACTION CODE ACTION CODE 
imactive)4 | o | GENERATE | A | PROPAGATE | @ | TRANSPARENT 


NOTES: 


1. This is the initial unprogrammed state of all links. 
2. Any gate T,, will be unconditionally inhibited if both the true and complement of any input (I or P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 


flip-flop truth tables). 


4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 


CUSTOMER NAME 
PURCHASE ORDER # 

SIGNETICS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 


TOTAL NUMBER OF PARTS 
PROGRAM TABLE 


conn EEE 
ee, 

PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fn 
§| 41 3;2/ 110 §;};41/312)1/108 7) 6/5} 48 3)/211 40 
ry | | | [| FF |] T— fF | — F Tf fT Ff #& | | | Y 
ry {| | [ |] Fs JT | | {| | #8 [— {[ | | 
ry [ | J | JF = Ff 7 Ff T | T FT T | a fT fF fT 
fr | | {— [| [ FJ =F [| | | | | FT | ff a Tf fT fT ] 
rt {[ [ J] [| fF —ss JT fF thE UT ht hc] hdl cg oT UT CT 
enh nh Es eWeek e eee ee 
|] {| | | | Fo Ff f {| | | | F } | TT , | | TY 
fr J] {| | ff [— Fee fT ft Yr; | | . | [| [i] 
ry {[ [| 7~ | J FF TF f Ff fT 7 FT fT fT | yy fy yf 
rt [| @ ts} fy. UmmmhmhmmUmhmUmUmUmhmGhUDRC CL TE ee 
rey ff ft ft yf... ++ ++ | | | 
pppoe ie ie Oe ee ee ee es a. 
SRR eee Bee eee eee Ran 
Semen nh mee Oe ee ; | #©§ [| [| ft | 
fr | |; | | j [| = = J] F | FT Tf | {| | | 
rf; [| {| jf +} fF 7 a i i ee 
Be eee ae Y Fy tf 7 , | f 7] f 
BR nhMHe ne | 7 | rg | {| | 4 
ot hee Seeeceees Os See wis Ot a oe le 
a aa fF ot ff fy] [ig | ff 

‘ee Ge Ga ee r {| { FY] {[ {| 2 
ions See 
Bae eee rs, | | | T F ft fT f[ FT ft ft f 
Lt * ty | | oe | tT 7 


‘a oe cael ee ae ee 
b ESE ESSSSSS ett eee =: ee Woof 
32 te | eo See aes ae ce 


ae a a a ae es a ee 
| bes cl of 
36 J ewe ae ae = 7 mae ee 5 a ee 
B | ae Sa eaekwe ea ee a 
=i 


VARIABLE 
NAME 
—— 


LD02251S 


NOTES: 


1. The FPLS is shipped with all links initially intact. Thus, a background of ''0'' for all Terms, and an ''H'' for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unsed Cp, Im, and P, bits are normally programmed Don't Care (-). 

3. 

4. Letters in variable fields are used as identifiers by logic type programmers. 


Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
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TEST ARRAY 


The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 


The array consists of test transition terms 48 
and 49, factory programmed as shown below. 


Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
lo.45 aS Shown in the test circuit timing dia- 
gram. 


TEST ARRAY PROGRAM 
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Product Specification 
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(1 - F,)/F, 
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n 
AF01820S 


State Diagram 


TC01597S 


FPLS Under Test 


OPTION (P/E) 


PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (FA 


0/7 2/;1/0 
L 


TB01760S 


Test Array Program 


Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 


STATE 
REGISTER 


TEST ARRAY DELETED 


11/0 /}5 |4/3 |2 {1/0 
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Test Array Deleted 
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DESCRIPTION 

The PLUS105—40 is a bipolar program- 
mable state machine of the Mealy type. 
Both the AND and the OR array are user— 
programmable. All 48 AND gates are con- 
nected to the 16 external dedicated inputs 
(Io-I;5) and to the feedback paths of the 6 
buried State Registers (Qp9-Qps). Be- 
cause the OR array is programmable, any 
one or allof the 48 transition terms can be 
connected to any or all of the State and 
Output Registers. 


Date of Issue 


All state transition terms can include True, 
False and Don’t Care states of the control- 
ling state variables. A Complement Tran- 
sition Array supports complex IF THEN 
ELSE state transitions with a single prod- 
uct term. 


All buried State and Output registers are 
edge-triggered S-R flip-flops. Asynchro- 
nous Preset/Output Enable functions are 
available. 


To facilitate testing of state machine de- 
signs, diagnostic mode features for regis- 
ter preset and buried state register 
observability have been incorporated into 
the PLUS105—40 device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 


PHILIPS 


PLUS105—40 


Field—Programmable Logic 
sequencer (16 x 48 x 8) 


FEATURES PIN CONFIGURATIONS 


e Functionally equivalent to, but 
faster than TI105BC and 
AmPLS105-37 


e 300 and 600mil—wide Plastic DIP 
packages 


e 50MHz clock rate 

— 40MHz operating frequency 
e Field-Programmable (TiW link) 
e 16 input variables 


N Packages 


e 8 output functions 

e 48 transition terms 

e 6-bit State Register 

e 8-bit Output Register 

e Transition complement array 


e Positive edge-triggered clocked 
flip-flops 
e Security fuse 


N = 600mil—wide 


e Programmable Asynchronous N3 = 300mil-wide 


Preset or Output Enable 


e Power-on preset to all “1” of A Package 


internal registers “ beet 
e Power dissipation: 800mW (typ.) 
e TTL compatible 
e Single +5V supply 


e 3-State outputs 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers Fs Fa GND F3 Fo Fy 
e Timing generators 

e Sequential circuits 

e Elevator controllers 

e Security Locking systems 
e Counters 


e Shift registers 
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FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line Active- 
is necessary to update the contents of both registers. High (H) 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions be- Active-High/ 
tween machine states, as determined by a given logic sequence. True and complement signals Low (H/L) 
are generated via use of “H” and “L”. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when exercis- Active-High/ 
ing standard TTL levels. When I;2 is held at +10V, device outputs Fo - Fs reflect the contents of Low (H/L) 
State Register bits Po - Ps. The contents of each Output Register remains unaltered. 


Logic/Diagnostic Inputs: A 15th external logic input to the AND array, as above, when exercis- | Active-High/ 
ing standard TTL levels. When |,; is held at +10V, device outputs Fo - Fs become direct inputs Low (H/L) 
for State Register bits Po - Ps; a Low-to-High transition on the appropriate clock line loads the 

values on pins Fo - Fs into the State Register bits Po - Ps. The contents of each Output Register 

remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when exercis- Active-High/ 
ing standard TTL levels. When |; is held at +10V, device outputs Fp - F7 become direct inputs Low (H/L) 
for Output Register bits Qo - Q7; a Low-to-High transition on the appropriate clock line loads the 

values on pins Fo - F7 into the Output Register bits Qo - Q7. The contents of each State Register 

remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally Active- 
reflect the contents of Output Register bits Qo - Q7, when enabled. When |. is held at +10V, Fo High (H) 
- Fs = (Po - Ps). When 11, is held at +10V, Fo - Fs become inputs to State Register bits Po - Ps. 

When |; is held at +10V, Fo - F7 become inputs to Output Register bits Qo - Q7. 


Preset or Output Enable Input: 


A user programmable function: 


¢ Preset: Provides an asynchronous preset to logic “1” of all State and Output Register bits. 
PR overrides Clock, and when held High, clocking is inhibited and Fo - F7 are High. Normal 
clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 


e Output Enable: Provides an output enable function to buffers Fo - F7 from the Output 
Registers. 
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Field—Programmable Logic Sequencer (16 x 48 x 8) PLUS105—40 


TRUTH TABLE 1:2; 3; 4, 5, 6,7 


OPTION 
Voc 


NOTES: 


1. Positive Logic: 
S/R (or J/K) = To +7 +To os T4g 
Th = (Co, C1) (lo, th, la, ..-) (Po, Pi, -.-Ps) 
2. Either Preset (Active - High) or Output Enable (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. T denotes transition from Low-to-High level. 
4.* =HorLor +10V 
5. X = Don’t Care (< §.5V) 
6. When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-stated and the indicated levels on 


the output pins are forced by the user. 
7. IND. = Indeterminent 


- FF Fe — - el a 


- - Ff -F FF -K KK K LT ‘ 


» 


VIRGIN STATE 

A factory-shipped virgin device contains all fus- 

ible links intact, such that: 

1. PR/OE option is set to PR. Note that even 
if the PR function is not used, all registers 
are preset to “1” by the power-up proce- 
dure. 


2. All transition terms are disabled (0). 
3. All S/R flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test Array 
preprogrammed with a standard test pat- 
tern. NOTE: The Test Array pattern must 
be deleted before incorporating a user 
program. 
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FPLS LOGIC DIAGRAM 


—_— {LOGIC TERMS: T 2 


(OPTION) 


Re 
CT 
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. Pee ee 
° FSFEEEEGG SG GHGGGESGSGcupptinceagisssciscssseD 


P4 ESS DRAKE BERG GARR BERT $8888 SSSR BAR ART BARE PRS SIRE ORR CURE UR Hi OR AR SRY OR SE en RRR BE RS 


Fs) sieeeoncreeeonceeaonnceevneGosvoute Coun” 


SULSERAOA MA GLIREORERGAODTMDLEREREOERROOGE 
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en. 
ee 
eae. 
IsHOESSEMSGHSGSGSITGTSSESSSTSOmISGHOTEMEAEGTGLLC SS 
a4 1 {cK 


A 18 | Fo 
; oo SL Loo Lit lea a a, 
PLECEEEEEEeT 


NOTES: 

1. All AND gate inputs with a blown link float to a logic "1" ieee 
2. All OR gate inputs with a blown fuse float to logic ''0"' 

3. = Programmable connection: 
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ORDERING INFORMATION LOGIC FUNCTION 


THERMAL RATINGS 


ABSOLUTE MAXIMUM RATINGS! 


RATINGS 
SYMBOL PARAMETER UNIT 


| Min | Max 
a 
vn | iputvotage SS SSC*dCSS*d 8 | w 
ee 
Tinputeorons—SSSCSC~idYC 
_ 
mE 
= 


Typical State Transition: 


PRESENT STATE 


STATE REGISTER "Cease 


SET Qo: Sp = (Q2* Qy° Gp): A“ B'C.. 
Ro =0 


RESET Qy: S; =0 
Ry = (Q2°Q,°Qp)-A-B'C... 


HOLD Q9:S9=0 
R2=0 


Output currents 
Operating temperature range 
Storage temperature range 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ta < 75°C, 4.75V< Voc <5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION 


aT [aa 
Input voltage? 


Vin i Voc = Max 2.0 V 
Vit Voc = Min 0.8 V 
Vic Voc = Min, ly =-12mA 0.8 1.2 V 


Output voltage? 


Veco = Min 
Vou High lou =—2mA 
VoL Low lot =9.6mA 
hy High 
liv Low 


Output current 


Voc = Max 
lo(OFF) Hi-Z state Vout = 5.5V 1 40 LA 
Vout = 0.45V =1 ~40 7 

los Short circuit®: 4 Vout = 0V 


ee [ee snpyamant | veotan | a0 |r 


Capacitance 
pF 
pF 


Cin Input 
Court Output 
NOTES: 

1. All typical values are at Voc = 5V, Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 


4. Duration of short circuit should not exceed 1 second. 
5. Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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Field—Programmable Logic Sequencer (16 x 48 x 8) PLUS105—40 


AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF 0°C < Ta <$ +75°C, 4.75V < Veco <5.25V 


LIMITS 


Pulse Width 
Clock High CK + CK — 
Clock Low CK- CK + 
Period (without Complement Array) Input + Output + 


Period (with Complement Array) Input + Output + 
Preset pulse PR + 


Setup Time 


Input 


Input (through Complement Array) 
Power-on preset 

Clock resume (after preset) 

Clock lockout (before preset) 


Hold Time 


ptf tmoot ke ttt | os | to |e 


Propagation Delay? 


Clock Output + 
Output enable Output — 
Output disable@ Output + 


Preset Output + 
Power-on preset Output + 


Frequency of Operation 


Without Complement Array Output + 


With Complement Array Output + 
Clock period CK + 


NOTES: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
Z; on = 5pF; Vr = Voi +0.5V. 
3. Propagation delays measured with all outputs switching. 
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TIMING DIAGRAMS 


tOE 


Sequential Mode 


QQ 


Asynchronous Preset 


4s 


Power-On Preset 
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PLUS105—40 


TIMING DIAGRAMS (Continued) 


Fo _ F7 
(INPUTS) 


(i) WLLL, 


Diagnostic Mode—Output Register Input Jam 


tRJH 


Ms, SE 


( 3) LLL Ye 


Diagnostic Mode—State Register Input Jam 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse 


SYMBOL PARAMETER 
toKP4 Operating period — without the 


SYM | SYMBOL }  ~ PARAMETER ETER 


SLs a delay between posi- 


Interval between clock pulses. 
tcKp2 Operating period — when us- 
ing Complement Array. 
tisy Required delay between begin- 
ning of valid input and positive 
transition of Clock. 


tiso Required delay between begin- 
ning of valid Input and positive 
transition of Clock, when using 
optional Complement Array 
(two passes necessary through 
the AND Array). 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 


Required delay between nega- 
tive transition of Asynchronous 
Preset and the first positive 
transition of Clock. 
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toe 


tive transition of Clock and end 
of valid Input data. 


Delay between positive transi- 
tion of Clock and when Out- 
puts become valid (with PR/OE 
Low). 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 


Delay between input |,> transi- 
tion to Diagnostic Mode and 
when the Outputs reflect the 
contents of the State Register. 


Delay between input |;2 transi- 
tion to Logic mode and when 
the Outputs reflect the con- 
tents of the Output Register. 
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Complement Array. 


Delay between positive transi- 
tion of Preset and when Out- 
puts become valid at “1”. 


Delay between Vcc (after) 
power-on) and when Outputs 
become preset at “1”. 


Width of preset input pulse. 


{Max Min. guaranteed operating fre- 
quency. 


Required delay between the 
negative transition of the clock 
and the negative transition of the 
Asynchronous PRESET to 
guarantee that the clock edge is 
not detected as a valid negative 
transition. 
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PLUS105—40 


TIMING DIAGRAMS (Continued) 


CLK 


INTERNAL __ __ 
STATE REG. 


Qp - Qs —— 


Fo-Fs5 


LOGIC PROGRAMMING 

PLUS105-40 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLUS105-40 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 
users. 
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CE (257, GAS 


tCKO 


Diagnostic Mode—State Register Outputs 


CL 


(INCLUDES 
= SCOPE ANDJIG 
CAPACITANCE) 


To implement the desired logic functions, the 
state of each logic variable from logic equations 
(|, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


PROGRAMMING THE 


PLUS 105-40 

The PLUS105-40 has a power-up preset fea- 
ture. This feature insures that the device will 
power-up in a known state with all register ele- 
ments (state and output register) at alogic High 
(H). When programming the device it is impor- 
tant to realize this is the initial state of the de- 
vice. You must provide a next state jump if you 
do not wish to use all Highs (H) as the present 
State. 
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1.5V (Frat ) 


VOLTAGE WAVEFORMS 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 
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PRESET/OE OPTION - (P/E) 


PR/OE 
P E P=0 
=1 (PRESET 
(ALWAYS DISABLED) 
= ENABLED) 


[prion [cove 
[preser! | on 


“AND” ARRAY - (I), (P) 


i, p 
,P 
i,p 
Th 


ee 
[wactves? | 0 | 


“OR” ARRAY - (N), (F) 


Th 
: =< 
mt) 


ACTION 
INACTIVE ® 3 


ACTION CODE ACTION CODE ACTION CODE 
iwactve®4 | o | GENERATE | A | PROPAGATE | @ | TRANSPARENT 


NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,. 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 
CUSTOMERNAME ___seesessss—‘“‘ i 
PURCHASE ORDER# _ ——“‘sCsi—s—s™S [INACTIVE | (0 | ACTIVE! 0 
SIGNETICS DEVICE # CF (XXXxX) 
aon 
CUSTOMER SYMBOLIZED PART# si ssi 
TOTAL NUMBER OF PARTS ___ 
PROGRAM TABLE a japeeesenaleieeuniaeann WP Ut 
ee eee 
——————e 
3) 2] 1/0 aval 
|| | | fF UC 
i 2 i peemeecsieee Me 
a Se 
am im i = 
| | it oa ae [——————— be a = ia |_| 
Pe oe ee dO) rT | | | [ | FT yt tT, | fT Tl 
| 6 | | { 7 | =a ot ee TL 
on oe en | | i ie oe ee es 0s es 1 es es se es 
i a oe ee ee a ee a ss ee ee es es cee es 
aa f | | Fe | fT tT fhm 1 | Ft tT | ee te 
rio] [| | [Tf F i ce oe i oe ee ee ees ee a es es es a ee 
PF 8 fT | Yl Um aa | | | Hn nee eee eee 
rT {[ | #8 | | es | PP en een ae ee 
ras | {[ —| | yy gp | f | of | ft ott fF Be ee a 
| 14] | Pte tt) le TT pa ree ee | 
| eg | Se eee, Ge ee ced ha 
wet tf } ft yy Tt tet gt | tT UE Ld eT 
ari |} f [| | yt tT et tT tl Tl dT gt TT me TT a dT ll a TTT 
rie | fT TT Sea eaen e eeee Ron rt | |] g | J TY 
Tie ot Pd Ree. R WW Bs em ee eee Coe ot a LT 
Y | | | Saeki Ss eee Bamm pa 
21 | | RE ELLE RA mm BeEEE Ge nee he | | 
| sews Re ae et 
4; [ | | tT oe TTT el tT toe ge Te JT rc cmCU Te ET 
25 |; {| | | g | se LL UT UtCSsC‘“‘i‘iaR“‘C a Tt 
2é pf REAR EE rt] | | oe ft Ty 
(ar) ft Fy eg ft area en Rae r {| | | 6 chee ccl 
Lit | a TT a Fl OT le td ae Yr {| . [sg 
[wet tt ta te tt a FP a at || {| | gp |] |] 
2 ae el ee ee ee 1 ee ee is eee A ee ee ee oe od og 
Ra Bea Bea eAaa aA a Ee eee coy dg Dd 
Re Renae eae ae ——= ae mea me 
fi} @ ey) ere te th UU UY = eee ee 
SRE See eee eee eee eee eee 
aR Bete tee Bee Oe ee Bee eee eS eae eee 
37] | tT 7 | pit | | oT | fy aot TT et tT UZ tg 
r | | op | | | op fT TT [| op TT FT oT TT TG tT Ty Th 
ret gp | fT tT Pee tT Tg gt = 
| | wt |} ee a, Tet oe tet ee a el | | 
| wt | ff et tT Teri po Bp os 
a ee oe -S e a Be ee Sew mans met r | 
ee ee 
es = fe ft lg | th 
awn REDE Ree Bees eS eee 
BRB eee ee eee eee eee eee 
SESE: rirj1]4 
5 | 6|7 6/7 5,6 | 7 | 8 


I UH 


NOTES: —— 

1. The FPLS is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cy, Im, and P, bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as 

4. Letters in variable fields are used as identifiers by logic type programmers. 


~~ 
~- 


-) for maximum speed. 
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DESCRIPTION 

The PLUS105-—55 is a bipolar program- 
mable state machine of the Mealy type. 
Both the AND and the OR array are user— 
programmable. All 48 AND gates are con- 
nected to the 16 external dedicated inputs 
(Io-Il,5) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Be- 
cause the OR array is programmable, any 
one or allof the 48 transition terms can be 
connected to any or all of the State and 
Output Registers. 


Allstate transition terms can include True, 
False and Don’t Care states of the control- 
ling state variables. A Complement Tran- 
sition Array supports complex IF THEN 
ELSE state transitions with a single prod- 
uct term. 


All buried State and Output registers are 
edge-triggered S-R flip-flops. Asynchro- 
nous Preset/Output Enable functions are 
available. 


To facilitate testing of state machine de- 
signs, diagnostic mode features for regis- 
ter preset and buried state register 
observability have been incorporated into 
the PLUS105—55 device architecture. 


Ordering codes are listed in the Ordering 
Information Table. 
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PLUS105—55 


Field—Programmable Logic 
Sequencer (16 x 48 x 8) 


FEATURES PIN CONFIGURATIONS 


e Functionally equivalent to, but 
faster than TI105BC and 
AmPLS105-37 


e 62.5MHz clock rate 
— 55MHz operating frequency 


e Available in 300 and 600mil-wide 
Plastic DIP packages 


e Field-Programmable (TiW link) 
e 16 input variables 


N Packages 


e 8 output functions 

e 48 transition terms 

e 6-bit State Register 

e 8-bit Output Register 

e Transition complement array 


e Positive edge-triggered clocked 
flip-flops 
e Security fuse 


N = 600mil-wide 


e Programmable Asynchronous N3 = 300mil-wide 


Preset or Output Enable 


e Power-on preset to all “1” of A Package 


internal registers yea 
e Power dissipation: 800mW (typ.) 
e TTL compatible 
e Single +5V supply 


e 3-State outputs 


APPLICATIONS 

e Interface protocols 

e Sequence detectors 

e Peripheral controllers Fs F4 GND F3 Fo Fy 
e Timing generators 

e Sequential circuits 

e Elevator controllers 

e Security Locking systems 
e Counters 


e Shift registers 


PHILIPS 


317 


Fo 


Signetics Programmable Logic Devices Preliminary Specification 


Field-Programmable Logic Sequencer (16 x 48 x 8) PLUS105—55 


FUNCTIONAL DIAGRAM 


PIN DESCRIPTION 


NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active- 
line is necessary to update the contents of both registers. High (H) 


Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
between machine states, as determined by a given logic sequence. True and complement Low (H/L) 
signals are generated via use of “H” and “L”. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when exer- | Active-High/ 
cising standard TTL levels. When |4> is held at +10V, device outputs Fo - Fs reflect the con- Low (H/L) 
tents of State Register bits Py - Ps. The contents of each Output Register remains unaltered. 


Logic/Diagnostic Inputs: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When |,; is held at +10V, device outputs Fo - Fs become Low (H/L) 
direct inputs for State Register bits Pp - Ps; a Low-to-High transition on the appropriate clock 

line loads the values on pins Fg - Fs into the State Register bits Pp - Ps. The contents of each 

Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when exer- | Active-High/ 
cising standard TTL levels. When l;9 is held at +10V, device outputs Fg - F7 become direct Low (H/L) 
inputs for Output Register bits Qo - Q7; a Low-to-High transition on the appropriate clock line 

loads the values on pins Fo - F7 into the Output Register bits Qo - Q7. The contents of each 

State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which nor- 
mally reflect the contents of Output Register bits Qo - Q7, when enabled. When |,2 is held at 
+10V, Fo - Fs = (Po - Ps). When |,; is held at +10V, Fo - Fs become inputs to State Register 
bits Pg - Ps. When |19 is held at +10V, Fo - F7 become inputs to Output Register bits Qo - Q7. 


Preset or Output Enable Input: 


A user programmable function: 


e Preset: Provides an asynchronous preset to logic “1” of all State and Output Register Active- 
bits. PR overrides Clock, and when held High, clocking is inhibited and Fo - F7 are High. High (H) 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock transi- 
tion, after the Preset signal goes Low. See timing definitions. 


e Output Enable: Provides an output enable function to buffers Fo - F7 from the Output Active- 
Registers. Low (L) 
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TRUTH TABLE 1: 2; 3, 4, 5, 6, 7 
OPTION 


< 
2) 
i?) 


| OPTION | 
aR | OF 
L 
L 
L 
L 
L 
L 
4 
+5V x 
x 
x 
x 
L 
L 
L 
L 
L 
L 


1. Positive Logic: 
S/R (or J/K) = To +1; +To +... Tag 
2. Either Preset (Active - High) or Output Enable (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. T denotes transition from Low-to-High level. 
4.*=HorLor+10V 
5. X = Don't Care (< 5.5V) 
6. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-stated and the indicated levels on 


the output pins are forced by the user. 
7. IND. = Indeterminent 


VIRGIN STATE 

A factory-shipped virgin device contains all fus- 

ible links intact, such that: 

1. PR/OE option is set to PR. Note that even 
if the PR function is not used, all registers 
are preset to “1” by the power-up proce- 
dure. 


2. All transition terms are disabled (0). 
3. All S/R flip-flop inputs are disabled (0). 


4. The device can be clocked via a Test Array 
preprogrammed with a standard test pat- 
tern. NOTE: The Test Array pattern must 
be deleted before incorporating a user 
program. 
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FPLS LOGIC DIAGRAM 
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NOTES: 

1. All AND gate inputs with a blown link float to a logic ''1" 
2. All OR gate inputs with a blown fuse float to logic ''0"’ 

3 Programmable connection. 
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ORDERING INFORMATION LOGIC FUNCTION 


DESCRIPTION ORDER CODE 
28-pin Plastic Dual-In-Line, 600mil-wide 


Typical State Transition: 


Q2 Q1 QO 
(se ) PRESENT STATE 
STATE REGISTER BBC... 


28-pin Plastic Dual-In-Line, 300mil-wide 


28-pin Plastic Leaded Chip Carrier, 450mil—square PLUS105-55A 


THERMAL RATINGS 


ABSOLUTE MAXIMUM RATINGS! 


SET Qo: So = (2° Q1°Gp) A B-C... 
Ro=0 
RESET Q4:S1=0 
Ry = (Q2°*Qy°Go) ABC... 


HOLD Q9:S2=0 
Ro=0 


Supply voltage 
Input voltage 
Output voltage 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a Stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 0°¢ < Tag < 75°C, 4.75V< Voc $< 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION 


Input voltage? 


Vin i Voc = Max V 
Vit Voc = Min V 
Vic Voc = Min, lijy =-12mA —0.8 V 


Output voltage? 


Voc = Min 
Vou High lon = —2mA V 
VoL Low lo. = 9.6mA 0.35 V 
Vec = Max 
hy High Vin = Voc <1 20 LA 
ie Low Vin = 0.45V —20 —250 LA 


Output current 


Vcc = Max 
— Hi-Z state Youre RS¥ 
Short circuit? 4 Vout =0V 


Ice [sup enon [Vara 500 


Capacitance 
8 pF 
10 pF 


Cin 
Cout 
NOTES: 

1. All typical values are at Voc = 5V, Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short circuit should not exceed 1 second. 

5. lec is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta $ +75°C, 4.75V < ———— < 5.25V 


Pulse Width 


Clock High 
Clock Low 


Period (without Complement Array) 


Period (with Complement Array) 
Preset pulse 


Setup Time 


Input 


Input (through Complement Array) 
Power-on preset 
Clock resume (after preset) 


Clock lockout (before preset) 
Hold Time 


Propagation Delay 


Clock Output + 
Output enable Output — 
Output disable? Output + 
Preset Output + 
Power-on preset Output + 


Frequency of Operation 


Without Complement Array 


With Complement Array 
Clock period 


NOTES: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
Ve CL = 5pF; Vr= Vot + 0.5V. 
3. Propagation delays measured with all outputs switching. 
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TIMING DIAGRAMS 


tOE 
Sequential Mode 


WX 


Asynchronous Preset 


tPRH 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


ro. FF 
(INPUTS) 


VoL 


(8s) CLIK 


Diagnostic Mode—Output Register Input Jam 


Fo —Fs 
(INPUTS) 


Caine 


Diagnostic Mode—State Register Input Jam 


TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 
Interval between clock pulses. 


tcxp2 Operating period — when 
using Complement Array. 

tis) Required delay between 
beginning of valid input and 
positive transition of Clock. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional Comple- 
ment Array (two passes nec- 
essary through the AND 


Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 

first reliable clock pulse. 


Required delay between 
negative transition of Asynch- 
ronous Preset and the first 
positive transition of Clock. 
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end of valid Input data. 

Delay between positive transi- 
tion of Clock and when Out- 
Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

tsRE Delay between input I; tran- 

sition to Diagnostic Mode and 


SYMBOL PARAMETER 
Required delay between posi- 
tcKo 
uts become valid (with PR/ 
Low). 
toe 
when the Outputs reflect the 
contents of the State Regis- 


tive transition of Clock and 
Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 

ter. 


Delay between input |; tran- 
sition to Logic mode and 

when the Outputs reflect the 
contents of the Output Regis- 
ter. 
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Operating period — without 
the Complement Array. 


Delay between positive transi- 
tion of Preset and when Out- 
puts become valid at “1”. 


Delay between Vcc (after) 
power-on) and when Outputs 
become preset at “1”. 


Width of preset input pulse. 


Min. guaranteed operating 
frequency. 


Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid nega- 
tive transition. 
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TIMING DIAGRAMS (Continued) 


lo = N41 
13-5 


CLK 


INTERNAL __ 
STATE REG. 


Q9-a5—— 


Fo _Fs 


TEST LOAD CIRCUITS 


LOGIC PROGRAMMING 

PLUS105-55 logic designs can be generated 
using Signetics AMAZE PLD design software 
or one of several other commercially available, 
JEDEC standard PLD design software pack- 
ages. Boolean and/or state equation entry is 
accepted. 


PLUS105-55 logic designs can also be gener- 
ated using the program table entry format de- 
tailed on the following pages. This program 
table entry format is supported by the Signetics 
AMAZE PLD design software (PTE module). 
AMAZE is available free of charge to qualified 
users. 
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Diagnostic Mode—State Register Outputs 


CL 


(INCLUDES 
SCOPE AND JIG 
CAPACITANCE) 


To implement the desired logic functions, the 
state of each logic variable from logicequations 
(1, B, O, P, etc.) is assigned a symbol. The sym- 
bols for TRUE, COMPLEMENT, INACTIVE, 
PRESET, etc., are defined below. 


PROGRAMMING THE 


PLUS 105-55 

The PLUS105-55 has a power-up preset fea- 
ture. This feature insures that the device will 
power-up in a known state with all register ele- 
ments (state and output register) ata logic High 
(H). When programming the device it is impor- 
tant to realize this is the initial state of the de- 
vice. You must provide a next state jump if you 
do not wish to use all Highs (H) as the present 
state. 
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1.5V (Fing1) 


VOLTAGE WAVEFORMS 


All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 
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PRESET/OE OPTION - (P/E) 


PR/OE 
P P=0 
aimars | PRESET 
DISABLED 
= ENABLED) 


i,p 
1, P 
ip 
Tn 


[sae] c00 
INACTIVE)2 | oF | 


“OR” ARRAY - (N), (F) 


Th 
: band 
a+) 
ACTION 


INACTIVE? 3 


“COMPLEMENT” ARRAY - (C) 


c c 
c c 
Th Th 


[_aerion [cove] | [__ActiON | cove 
i a 


INACTIVE! 4 


NOTES: 


1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates T,. 

2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 

3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see 
flip-flop truth tables). 

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 


GENERATE PROPAGATE | @ | TRANSPARENT 
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FPLS PROGRAM TABLE 
PROGRAM TABLE ENTRIES 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE # CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE 

REV 

DATE 


Fa ee 
T INPUT (im) PRESENT STATE (Ps) NEXT STATE (Na) OUTPUT (Fn 
E lc, 1] 1 Im —— : 
ww 4;3 o!9 6| 5 §} 4} 3, 2] 140 §)} 4/3 7} 6| § 3} 2] 1 
oo tt aaa Shea RE = Os a oS SS 
Pa] | | | Phe eT ht led hl dh lll lh dT a 
ry. | | yo ft TT ety tp I Tha lh UULULULULULULULUMDLUL DT a 
Ht tt Rit we Sh Se, OE Oe ee es es es 
| 4 tf tl Seber Hee eee eee eee | | Co fg 
ie | tft je te 
SSR REESE Bee ee ee eee 
ie 2 0 On OE a ns ss ee Be es ee es es 
oe Cs a a es ee es ee Oe 
RMA RBA MEE ee Ae eee Bee 
SS) Die ee ee EGA 0 we ee Se es es sss, = 
Reese eee Pe es eee CE 2 ee 
| wat TT tte Td ee Re Bee ee ee 
ris] | | | Tap TT fT et le BEE MMe ee ee 
Pw a tl ll lg po NES Set ies eee ee ee ee 
set fF eT TO lg TO eg TO a te 
SS Saath eee eee eee 
1k BASEMENT Ah eee eee Ee ee ee ee ee Oe 
(ae td Tt es a dg TT 
| 20 ' J fT Ri se eee Ge Oe es 0 
21 BERBER EAB EAM 2 eee ee ee 
2 et ee a Pato tt 
2 MME BARA Ae See Aa ae eee Smee me 
Beh Dee Pe ee ee ee ee ee ee ss 0 2 es es 
RRR RMR eee Oe ee OE Re ee ee 
|e] J tf ft tT gp Tt le i es Se es ee (eG Ge a ss ee 
Ces Be Ot Dara Se Ree Sa SH all SEEN SS 4 
ae a ae ee 2 Pee ana eee 
9 ng BE 
“a a ee ee ee a ee es et Ge ee et ee a 
‘Soe eG. et a Waa ll a MEN ne a Gl Oe 
bl eh ee Ee Le i oe ee er 
« 22S RM EERE Ee Se PS ee ae eee eee 
& SSR Bee Eee ee eee eee ae eee es 
| te 
a See ee ee a ee es es es es ee 
aaa ae PP a BS Be Aes 
Bae tee Eee eae ee eee eee 
= BE weaeee Pot ep fT SG Gee RNS eee ee 
Q = = a a i i 
Ss a eA Oe ee SG Sere Se SG eee oer ec SS 
1 43 0 tT fe i 2 De a a ee Bante em 
44 ee os ee ee poe eh ge 
oe ee ae ee ae 4 me ee ea 
BEE Ge Wh es es oe 
BRROGAERE RR ee Re ee ee Baapu 


Ww 
mw 
<< 
ie 
qi 
> 


i an on Oe ee 
|_| 
Shhly ARBRE § 
5/6 ARBRE 
NOTES: 


1. The FPLS is shipped with all links initially intact. Thus, a background of “0” for all Terms, and an “H” for the P/E option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cp, Im, and Pg bits are normally programmed Don't Care (-). 

3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 

4. Letters in variable fields are used as identifiers by logic type programmers. 
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DESCRIPTION 


The PLUS405 devices are bipolar, program- 
mable state machines of the Mealy type. Both 
the AND and the OR array are user—program- 
mable. All 64 AND gates are connected to the 
16 external dedicated inputs (Ip — 115) and to the 
feedback paths of the 8 on-chip State Regis- 
ters (Qp9 — Qp7). Two complement arrays sup- 
port complex IF-THEN-ELSE state transitions 
with a single product term (input variables Co, 
C4), 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged into 
the programmable OR array to issue the next— 
state and next—output commands to their re- 
spective registers. Because the OR array is 
programmable, any one or all of the 64 transi- 
tion terms can be connected to any or all of the 
State and Output Registers. 


All state (Qpg — Qp7) and output (Qe¢9 — Q¢7) reg- 
isters are edge—triggered, clocked J—K flip— 
flops, with Asynchronous Preset and Reset 
options. The PLUS405 architecture provides 
the added flexibility of the J-K toggle function 
which is indeterminate on S-R flip-flops. Each 
register may be individually programmed such 
that a specific Preset-Reset pattern is initial- 
ized when the initialization pin is raised to alogic 
level “1”. This feature allows the state machine 
to be asynchronously initialized to known inter- 
nal state and output conditions prior to proceed- 
ing through a sequence of state transitions. 
Upon power-up, all registers are unconditional- 
ly preset to “1”. If desired, the initialization input 
pin (INIT) can be converted to an Output Enable 
(OE) function as an additional user-program- 
mable feature. 


Availability of two user—programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 


PLUS405-37/—45 


Field-Programmable Logic 
Sequencers (16 x 64 x 8) 


FEATURES PIN CONFIGURATIONS 
@ 50 and 58.8MHz minimum guaranteed N Package 
clock rates 


© 37 and 45MHz minimum guaranteed 
operating frequencies (1/(tis; + tcexo3) 


® Functional superset of PLS105/105A 

® Field—programmable (Ti-W fusible link) 
© 16 input variables 

® 8 output functions 

® 64 transition terms 

® 8-bit State Register 

© 8-bit Output Register 

@ 2 transition Complement Arrays 

® Multiple clocks* 


® Programmable Asynchronous 
Initialization or Output Enable 


© Power-on preset of all registers to “1” N = Plastic 


® “On-chip” diagnostic test mode A Package 
features for access to state and output 
registers 


I5/CLK Ig I7 CLK Vcclg lg 
®@ 950mW power dissipation (typ.) 
@ TTL compatible 

© J-K or SR flip—flop functions 
®@ Automatic “Hold” states 


© 3-State outputs 


APPLICATIONS 


® Interface protocols Fs F4 GND F3 Fo Fy Fo 
A = Plastic Leaded Chip Carrier 


® Sequence detectors 

® Peripheral controllers 

® Timing generators 

® Sequential circuits 

® Elevator contollers 

® Security locking systems 
® Counters 


© Shift registers 


“Refer to AC Specifications for clock and operating frequencies when using multiple clocks. 


PHILIPS 


PHILIPS 
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PIN DESCRIPTION 


as SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High (H) 
this line is necessary to update the contents of both registers. Pin 1 only clocks Ppy_3 and 
Fo_3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions 
between machine states, as determined by a given logic sequence. True and complement 
signals are generated via use of “H” and “L”. 


Active—High/Low 
(H/L) 


Logic Input/Clock: A user programmable function: 


© Logic Input: A 13th external logic input to the AND array, as above. alae Low 
@ Clock: A 2nd clock for the State Registers P,_ 7 and Output Registers F,_ 7, as above. Active-High (H) 


Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't 
Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercising standard TTL or CMOS levels. When 1,2 is held at +10V, device outputs Fy — F7 
reflect the contents of State Register bits Pp - P7. The contents of each Output Register 
remains unaltered. 


Active—High/Low 
(H/L) 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when 
exercising standard TTL levels. When |,; is held at +10V, device outputs Fy — F7 become 
direct inputs for State Register bits Pp — P7; a Low—to—High transition on the appropriate 
clock line loads the values on pins Fo — F7 into the State Register bits Pp — P7. The 
contents of each Output Register remains unaltered. 


Active—High/Low 
(H/L) 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercising standard TTL levels. When | is held at +10V, device outputs Fp — F7 become 
direct inputs for Output Register bits Qg — Q;; a Low-to—High transition on the appropriate 
clock line loads the values on pins Fy — F7 into the Output Register bits Qo — Q7. The 
contents of each State Register remains unaltered. 


Active—High/Low 
(H/L) 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which 
normally reflect the contents of Output Register Bits Qg - Q7, when enabled. When |j2 is 
held at +10V, Fo — F7 = (Pp — P7). When |,, is held at +10V, Fp — F7 become inputs to State 
Register bits Pg — Pz. When I19 is held at +10V, Fy — F7 become inputs to Output Register 
bits Qo —Q). 


Initialization or Output Enable Input: A user programmable function: 


Active—High (H) 


INIT/OE 


@ Initialization: Provides an asynchronous preset to logic “1” or reset to logic “O” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and Fy — F7 
and Py — P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High—to—Low clock transition, after INIT goes Low. See timing definition 


for tyyck and tycx. 


utput Enable: Provides an output enable function to buffers Fo — F7 from the Output Active—Low (L) 


Registers. 
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TRUTH TABLE 1: 2; 3, 4, 5,6, 7 


OPTION 


jo 


Vcc lio iy lie CK 


x KK KIL K RK OK 


x)Oo Der Hl KKK KK KR RIK KK KKK OK 
xm] Oo - LTH] KKK KK KR MILK KK KK OK OKI AR 


x | K KK KIL KOK 
x |K KK KIX 


pfeeefereenes] fal 
* & 
xXx O90 
<< 
+ + 
oo kK & 
— = 
+ 
ox KKK 
< 
x1oORD VR TDI KK ONIN I KI KK OID TN OD x 


NOTES: 

1. Positive Logic: 
S/R (or J/K) = To + Ty + To +... Te 
Th = (Co, C3)(lo, lh, lo, se J (Po, Pi. S, she P2) : 

2. Either Initialization (Active—High) or Output Enable (Active—Low) are available, but not both. The desired function is a user—programmable 
option. 


3. T denotes transition from Low-—to—High level. 

4. *=HorLor+10V 

5. X = Don't Care (<5.5V) 

6. H/L implies that either a High or a Low can occur, depending upon user—programmed selection (each State and Output Register individually 
programmable). 

7. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE LOGIC FUNCTION 

A factory—shipped virgin device contains all 

fusible links intact, such that: Typical State Transition: 

1. INIT/OE is set to INIT. In order to use the 
INIT function, the user must select either Q2 Q1 ao 
the PRESET or the RESET option for each 
flip-flop. Note that regardless of the user— (sa) raeseny Stare 
programmed initialization, or even if the STATE REGISTER K-B*C-... 


INIT function is not used, all registers are 
preset to “1” by the power-up procedure. 


2. All transition terms are inactive (0). 
SET Qo: Sp = (G2 Q,° Up) -A-B-C... 


3. All S/R (or J/K) flip-flop inputs are disabled iy <0 
6°). RESET Q:S;=0 
4. The device can be clocked via a Test Ry = (G2 °Qy° Gp) A-B-C... 
Array preprogrammed with a standard test 
HOLD Qo: Sz =0 
pattern. Ro =0 


5. Clock 2 is inactive. 
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FUNCTIONAL DIAGRAM 


x 
° 
a 3 
x~ 
© 
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LOGIC DIAGRAM 


> DETAIL B 
‘ 


ass 


- » Denotes a programmable fuse location. 


NOTE: 
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DETAILS FOR REGISTERS FOR PLUS405 


TO INIT LINE 
TO AND 
ARRAY 


STATE REGISTERS 


c 
i] 
t] 
t] 
t 
i] 
‘ 
‘ 
L] 
i] 
' 
L] 
L] 
‘ 
‘ 
‘ 
‘ 
‘ 
‘ 
‘ 
‘ 
L] 
‘ 
i] 
i] 
‘ 
‘ 
i] 
t] 
i] 
‘ 
‘ 
‘ 
‘ 
- 


Detail A 


TO INIT LINE 


OUTPUT REGISTERS 
FROM PIN 4 
(Is/CLK) PIN 1 CLK 


Detail C Detail D 
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ORDERING INFORMATION 


PLOSAD5 A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATINGS 
Supply voltage 


Voc 


Operating temperature range 0 to +75 
-65 to +150 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Storage temperature range 


THERMAL RATINGS 


TEMPERATURE The PLUS405 devices are also processed for 


operation over the military temperature range. 
For Specifications and ordering information, 
consult the Signetics Military Data Manual. 


Maximum junction 150°C 


Maximum ambient 75° 


Allowable thermal rise 


ambient to junction 75°C 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL | PARAMETER TEST CONDITIONS | Min’ =| Typt | Max | UNIT 


Input voltage 


< 
= 
| 
a 
= y 
< 
Q 
2) 
i 
~< 
i) 
ro) 


= 
- 
[e) : 
| 
< 
Q 
oO 
i 
= 
ae 


— 
a 


Output voltage? 


a 
Tiwi 06a 


Output current 
a 
a 


Vou 
VoL 


- - 


Be 


NOTES: 

1. All typical values are at Voc = 5V. Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short-circuit should not exceed one second. 

5. Icc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, Ro = 1kQ, C, = 30pF, 0°C < Ta < +75°C, 4.75V < Voc < 5.25V 


PMT 
SYMBOL PARAMETER ee isis 
Ta ete eT ee 


Pulse width 


ee ee 
2am ae 


hod Period 


Cease cre of oe Pep pepe 
F tex.z | Clock Low; CLK2 (Pin 4) pO 


ee Period 
CLK1 Period 
CLK2 Period 


Initialization pulse INIT- INIT+ eat 


Setup time? 
Input 
CK 1 


Power-on preset 


=) 


=) =] 
n n n 


n 


=) 


See 
Clock resume INIT 
(after Initialization) 7 
Clock lockout INIT 
(before Initialization) 7 
ftw | moot Tk | mote | o | oe | fo fe] fs 


Propagation delay 


es ee 
wir [owns | fs fe | | 
[veer [over [fo [of 


CLk2; 
(without Complement Array) 


1. All typical values are at Voc = 5V, Ta = +25°C. 
2: CL = 5pF; Vr Ss VoL + 0.5V. 
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TIMING DIAGRAMS 


AQ 


Asynchronous Initialization 


§NITH 


4s 


Power-On Preset 
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TIMING DIAGRAMS (Continued) 


“INTERNAL. 
20-27 staterec. (Ps) 


‘CKO 


OE 


Diagnostic Mode — State Register Outputs 


tRus 


wn CLLLLLLLLLLLLL IRS ERD OW MKS / 7 


tRH 


CLK 1.5V 


(8) LLL fe 


Diagnostic Mode — State Register Input Jam 


Fo — F7 
(INPUTS) 1.5¥ (FORCED Diy) 1.5 


(&s) LLL 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 


Oerating period — when not 
using Complement Array. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power—on) and when Outputs 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of Clock 
and end of inputs 1,4 or ly 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


fuax1, 2, | Minimum guaranteed 
3,4 operating frequency. 


July 7, 1989 


SYMBOL PARAMETER 


tcKL1,2 Interval between clock 
pulses. 


trus 
tnvcK 


Operating period — when 
using Complement Array. 


Required delay between 
positive transition of Clock 
and end of valid Input data. 


Delay between beginning of 
Output Enable Low and when 
Outputs become valid. 


Delay between input Ij. 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 


Required delay between 
inputs 1,1 or 149 transition to 
State and Output Register 
Input Jam Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 


Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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SYMBOL PARAMETER 


tiNITH Width of initialization input 
pulse. 


-_ Required delay between Vcc 


(after power—on) and 
negative transition of Clock 


tvs 

preceding first reliable clock 
pulse. 

top 

tRH Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input |, 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 

Register. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 
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TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


CL 
L (INCLUDES 


SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


LOGIC PROGRAMMING INITIALIZATION/OE OPTION -— (INIT/OE) 
PLUS405 Logic designs can be generated 
using Signetics AMAZE design software or 
several other commercially available, JEDEC 


standard PLD design software packages. INIT =0 
Boolean and/or state equation entry format is Ent 

(INITIALIZATION 
accepted. ~~ (ALWAYS DISABLED) 


ENABLED) 
PLUS405 logic designs can also be generated 


using the program table format detailed on the [ —opmion ~—s | CODE CC 
thllowing pagaie). This Program Table Entry Piwmauzarion® |W _ ee 


format (PTE) is supported by the Signetics 

AMAZE PLD design software. AMAZE is avail | PROGRAMMING THE PLUS405: 

able free of charge to qualified users. The PLUS405 has a power-up preset feature. This feature insures that the device will power—up 
; ; in a known state with all register elements (State and Output Register) at logic High (H). When 

To implement the desired logic functions,each —_ programming the device it is important té' realize this is the initial state of the device. You must 

logic variable (1, B, P, S, T, etc.) from the logic —_ provide a next state jump if you do not wish to use all Highs (H) as the present state. 

equations is assigned a symbol. TRUE, 

COMPLEMENT, PRESET, RESET, OUTPUT 

ENABLE, INACTIVE, etc., symbols are defined 

below. 


PRESET/RESET OPTION - (P/R) 


INIT 


ACTION 
INDETERMINATES | _ si 
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“AND” ARRAY - (1), (P) 


STATE 
INACTIVE! 2 


ACTION 
TOGGLE® 


c 
c 
Tn 


[—netion [cove 
[wacrives®@ [| o | | [cenerare [a |] | [enoracare [ 


CLK1 


| opmioN | CODE _| 


NOTES: 

. This is the initial unprogrammed state of all links. 

Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty. 

These states are not allowed when using PRESET/RESET option. 

Input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't Care”) when using second clock option. 
A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 


OnARwON— 
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PLUS405 PROGRAM TABLE 


___ OPTIONS ___ 


“| 


OR 


ene | eee ene nee 


INIT/IOE 


INIT 
DE 


2 


INACTIVE OR 


“) joao 
| | TOGGLE 
| se 
| 
| 


‘INACTIVE 
GENERATE 
PROPAGATE 


Im, Ps 


L | CLK1/ 
H | CLK2 


CLK1 ONLY 
CLK1 AND 2 


TRANSPARENT| — 


WW 
« 
4 
(S) 
a 
z 
° 
a 


OU 


. 


PU 


CLOCK 1/2 


E 

ey 

| Se 
E 


| OUTPUT (Fr) 


SELLI TET TT ETT Te 

PEEELE PITT TTR ee 

ee Ks 
TTT TT TTT TTT TTT Ee 
FETT TTT TTT TTT TTT 
PITT TT TTT TTT TTT TTT TTT 


NEXT STATE (Ns) 


PRESENT STATE (Ps) 


P7 |P6|PS|P4]P3]P2]P1 Po) | N7| N6] NSN4 | NS] .N2] Ni] N 
pap tg oe a ee 
= 
| | 
* 
= 
dl 
aed 
= 
= 
= 
= 
mm 
i 
= 
| 
|| 
rd 
= 
| 
|| 
= 
| | 
= 
= 
| 
= 
= 
|| 
m 
= 
|| 
= 
= 
|| 
= 
| | 
= 
= 
= 
= 
|| 
= 
‘oe 
- 
| 
La 
al 
i- 
| 
| 
| 
= 
= 
= 
im 
-_ 
| 
= 
|| 
= 
= 
im 
= 


INPUT (Im) 

| ie | 17) 
| 
| Tf 
| | | 
| 
ao 

| | 
aa 
| 
| ot | 
ae 
Lesh oe 
io aie 

Lo 
ei 
| | 
| | 
ie 
a 
ee 
| td 


# LHVd GAZINOUWAS YAWOLSNOD 
# JOIAAC SOILANDIS 


PIN 
LABELS 


Ss i rTEUMMSEIRMHAEETEAHSEE EA RSGEEEeRaSEreHaeEHaSEeeHae 


A1TEVL WVYDO"d 


(XxXxXX) 40 
ASY wr FJ NWN HSAWOLSNO 


NOTES: 


The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an “H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


for clarity. 


2. Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


1. 


3. Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 
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DESCRIPTION 

The PLUS405—55 device is a bipolar, program- 
mable state machine of the Mealy type. Both 
the AND and the OR array are user—program- 
mable. All 64 AND gates are connected to the 
16 external dedicated inputs (Io — 115) and to the 
feedback paths of the 8 on-chip State Regis- 
ters (Qpq — Qp7). Two complement arrays 
support complex IF—THEN-ELSE state transi- 
tions with a single product term (input variables 
Co, C1). 


All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged into 
the programmable OR array to issue the next- 
state and next—output commands to their re- 
spective registers. Because the OR array is 
programmable, any one or all of the 64 transi- 
tion terms can be connected to any or all of the 
State and Output Registers. 


All state (Qpg — Qp7) and output (Qe9 — Q¢7) 
registers are edge—triggered, clocked J-K flip— 
flops, with Asynchronous Preset and Reset 
options. The PLUS405 architecture provides 
the added flexibility of the J-K toggle function 
which is indeterminate on S—R flip-flops. Each 
register may be individually programmed such 
that a specific Preset-Reset pattern is initial- 
ized when the initialization pin is raised to alogic 
level “1”. This feature allows the state machine 
to be asynchronously initialized to known 
internal state and output conditions prior to 
proceeding through a sequence of state transi- 
tions. Upon power-up, all registers are 
unconditionally preset to “1”. If desired, the 
initialization input pin (INIT) can be converted to 
an Output Enable (OE) function as an additional 
user—programmable feature. 


Availability of two user—programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 


Order codes are listed in the Ordering 
Information Table. 


PHILIPS 


PLUS405—-55 


Field-Programmable Logic 
Sequencer (16 x 64 x 8) 


FEATURES 


® 62.5MHz minimum guaranteed clock 
rate 


@ 55MHz minimum guaranteed operating 
frequency (1/(tis; + tcxo1) 


® Functional superset of PLS105/105A 

® Field—programmable (Ti—W fusible link) 
© 16 input variables 

® 8 output functions 

© 64 transition terms 

® 8-bit State Register 

® 8-bit Output Register 

® 2 transition Complement Arrays 

® Multiple clocks 


® Programmable Asynchronous 
Initialization or Output Enable 


® Power-on preset of all registers to “1” 


® “On-chip” diagnostic test mode 
features for access to state and output 
registers 


®@ 950mW power dissipation (typ.) 
© TTL compatible 

© J-K or SR flip-flop functions 
® Automatic “Hold” states 


® 3-State outputs 


APPLICATIONS 

® Interface protocols 

®@ Sequence detectors 

® Peripheral controllers 

© Timing generators 

®@ Sequential circuits 

® Elevator contollers 

® Security locking systems 
® Counters 


® Shift registers 
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PIN CONFIGURATIONS 
N Package 


N = Plastic 


A Package 


Fs Fa GND Fz Fo Fy Fo 
A = Plastic Leaded Chip Carrier 
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PIN DESCRIPTION 


| PINNO. — SYMBOL NAME AND FUNCTION POLARITY 


Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active-High (H) 
this line is necessary to update the contents of both registers. Pin 1 only clocks Po _ 3 and 
Fo_3 if Pin 4 is also being used as a clock. 


Logic Inputs: The 12 external inputs to the AND array used to program jump conditions Active—High/Low 
between machine states, as determined by a given logic sequence. True and complement (H/L) 
signals are generated via use of “H” and “L”. 


Logic Input/Clock: A user programmable function: 


© Logic Input: A 13th external logic input to the AND array, as above. ee Low 
@ Clock: A 2nd clock for the State Registers P,_ 7 and Output Registers F,4_7, as above. Active-High (H) 
Note that input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don't 

Care”) when using Pin 4 as a Clock. 


Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active—High/Low 
exercising standard TTL or CMOS levels. When I; is held at +10V, device outputs Fo — F7 (H/L) 
reflect the contents of State Register bits Pp — P7. The contents of each Output Register 

remains unaltered. 


Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active—High/Low 
exercising standard TTL levels. When |,,; is held at +10V, device outputs Fy — F7 become (H/L) 
direct inputs for State Register bits Pp — P7; a Low-to—High transition on the appropriate 

clock line loads the values on pins Fy, — F7 into the State Register bits Pp — P7. The 

contents of each Output Register remains unaltered. 


Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active—High/Low 
exercising standard TTL levels. When lj is held at +10V, device outputs Fo — F7 become (H/L) 
direct inputs for Output Register bits Qo — Q7; a Low-to—High transition on the appropriate 

clock line loads the values on pins Fg — F7 into the Output Register bits Qo — Q7. The 

contents of each State Register remains unaltered. 


Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active—High (H) 
normally reflect the contents of Output Register Bits Qo — Q7, when enabled. When 12 is 

held at +10V, Fo — F7 = (Pp — Pz). When |,,; is held at +10V, Fo — F7 become inputs to State 

Register bits Pp — P7. When |;9 is held at +10V, Fy — F7 become inputs to Output Register 

bits Qo = Q>. 


Initialization or Output Enable Input: A user programmable function: 


e Initialization: Provides an asynchronous preset to logic “1” or reset to logic “O” of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 

programming. INIT overrides Clock, and when held High, clocking is inhibited and Fy — F7 

and Pg — P7 are in their initialization state. Normal clocking resumes with the first full clock 

pulse following a High—to—Low clock transition, after INIT goes Low. See timing definition 

for tyyck and tycx. 


e Output Enable: Provides an output enable function to buffers Fo — F7 from the Output Active—Low (L) 


Registers. 
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TRUTH TABLE 1: 2; 3, 4, 5, 6, 7 


OPTION 


Vcc 


NOTES: 

1. Positive Logic: 
S/R (or J/K) =To+ Ty +To +... . 163 
Th = (Co, Cr)(lo, Ih, 1a, . .) (Po, Pa, ... Pz) 

2. Either Initialization (Active—High) or Output Enable (Active—Low) are available, but not both. The desired function is a user—programmable 
option. 

3. T denotes transition from Low-—to—High level. 

4. *=HorLor+10V 

5. X = Don't Care (<5.5V) 

6. H/Limplies that either a High or a Low can occur, depending upon user—programmed selection (each State and Output Register individually 
programmable). 

7. When using the F, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 


VIRGIN STATE LOGIC FUNCTION 
A factory—shipped virgin device contains all 
fusible links intact, such that: Typical State Transition: 
1. INIT/OE is set to INIT. In order to use the 
INIT function, the user must select either Q2 Q1 Qo 
the PRESET or the RESET option for each PRESENT STATE 
flip-flop. Note that regardless of the user— (<0) 
programmed initialization, or even if the STATE REGISTER AB°C-... 


INIT function is not used, all registers are 
preset to “1” by the power-up procedure. 


3. All S/R (or J/K) flip-flop inputs are disabled SET Qp: Sp = (Gp Q;°Up)-A-B-C... 


2. All transition terms are inactive (0). 


(0). Ro =0 
4. The device can be clocked via a Test RESET Q4:S;=0 
Array preprogrammed with a standard test Ry = (02° Gy" Up) °K BC... 


pattern. HOLD Qo: Sp = 0 
_ ; Ro =0 
5. Clock 2 is inactive. 
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FUNCTIONAL DIAGRAM 
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Signetics Programmable Logic Devices 
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DETAIL C 


iin SSS SSS I | 
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LOGIC DIAGRAM 
Denotes a programmable fuse location. 


NOTE: 
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DETAILS FOR REGISTERS FOR PLUS405 


TOINIT LINE 


OUTPUT REGISTERS 
FROM PIN 4 FROM 
(Is/CLK) PIN 1 CLK 


Detail C Detail D 
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ORDERING INFORMATION 


OPERATING 
DESCRIPTION FREQUENCY ORDER CODE 
28—Pin Plastic DIP (600mil—wide) 55MHz (tis; + texo1) PLUS405—55N 
28—Pin Plastic Leaded Chip Carrier 55MHz (tis; + texo1) PLUS405-55A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER 


Vcc 


7 | Yoo 
Voe — 


Supply voltage 


Input voltage 


Vpc 
Voc 


+ 
on 
oO 


Operating temperature range 
-65 to +150 
NOTES: 


1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


Storage temperature range 


THERMAL RATINGS 


TEMPERATURE The PLUS405 devices are also processed for 


operation over the military temperature range. 
For Specifications and ordering information, 
consult the Signetics Military Data Manual. 


Maximum junction 150°C 


Maximum ambient 75°C 
Allowable thermal rise 


ambient to junction 75°C 
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DC ELECTRICAL CHARACTERISTICS 0°C «< Ta < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS 


Input voltage? 


Output voltage? 


H 


Voc = MIN, lou =9.6mA 


Voc = MAX, Vin = 0.45V 


Capacitance 


NOTES: 


1. All typical values are at Voc = 5V. Ta = +25°C. 

2. All voltage values are with respect to network ground terminal. 

3. Test one ata time. 

4. Duration of short-circuit should not exceed one second. 

5. Icc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, Rp = 1kQ, C, = 30pF, 0°C < Ty < +75°C, 4.75V < Voc < 5.25V 


LIMITS 


CLK1 Period 


CLK2 Period 
CLK1 Period 
CLK2 Period 


Setup time? 


is a 
Input 
tise (through Complement Array) ms pe fe ff os 


Clock resume 
Clock lockout 


re wee SSC—SS dr fT 
Propagation delay 
[ Power-onPrest——~SC*dSCMees «Yet PCP |e 


CLK2: 


a;1n; ®D | m 
nai ay; ait on 


CLK1; 
MAX3 (with Complement Array) 


CLK2; 
MAX4 (with Complement Array) 


NOTES: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
2. Cy - 5pF; Vr = VoL + 0.5V. 
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TIMING DIAGRAMS 


AQ 


Asynchronous Initialization 


UNITH 


4.5V 


Voc / 
ro-Fr WY 


us 


Power-On Preset 


October 1989 353 


Signetics Programmable Logic Devices Preliminary Specification 


Field—Programmable 
Logic Sequencer (16 x 64 x 8) 


PLUS405—55 


TIMING DIAGRAMS (Continued) 


us 
“INTERNAL 
G0-@7 staterRec. (Ps) 


me CSU CELT, 
‘CKO 


DE 


Diagnostic Mode — State Register Outputs 


tRus 


“4 HH}, }., LF ee 


(&:) LLL ke 


Diagnostic Mode — State Register Input Jam 


Fo _ F7 
(INPUTS) 


AML: 


Diagnostic Mode — Output Register Input Jam 
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TIMING DEFINITIONS 


SYMBOL PARAMETER 
Width of input clock pulse. 


tcxP1,2 | Oerating period — when not 
using Complement Array. 


Required delay between 
beginning of valid input and 
positive transition of Clock. 


Delay between positive 
transition of Clock and when 
Outputs become valid (with 

INIT/OE Low). 


Delay between Vcc (after 
power—on) and when Outputs 
become preset at “1”. 


Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 
the AND Array). 


Required delay between 
positive transition of Clock 
and end of inputs I,; or ly 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 


fuax1, 2, | Minimum guaranteed 
3.4 | Operating frequency. 


October 1989 


SYMBOL PARAMETER 


tcKL1,2 Interval between clock 
pulses. 


tcxp3.4 | Operating period —- when 
using Complement Array. 
transition to Diagnostic Mode 

trus Required delay between 
inputs |,, or 49 transition to 
State and Output Register 
Input Jam Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 
transition of the 


Required delay between 
and when the Outputs reflect 
tnvcK Required delay between the 
Asynchronous Initialization to 


and end of valid Input data. 
tsReE Delay between input |; 

Register. 

clock and the negative 


positive transition of Clock 
tog Delay between beginning of 

Output Enable Low and when 

Outputs become valid. 

the contents of the State 

negative transition of the 

guarantee that the clock edge 


is not detected as a valid 
negative transition. 
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SYMBOL PARAMETER 


Width of initialization input 


Required delay between Vcc 
(after power—on) and 
negative transition of Clock 
preceding first reliable clock 
pulse. 


Delay between beginning of 
Output Enable High and 
when Outputs are in the 
OFF-state. 


Delay between positive 
transition of Initialization and 
when Outputs become valid. 


Delay between input |; 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 


Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 


Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 


Signetics Programmable Logic Devices Preliminary Specification 


Field—Programmable 


Logic Sequencer (16 x 64 x 8) PLUS405—55 


TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 


+2.0¥ ———— 


Ro CL 
i (INCLUDES 


= = SCOPE AND JIG 
CAPACITANCE) 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


Input Pulses 


LOGIC PROGRAMMING INITIALIZATION/OE OPTION - (INIT/OE) 
PLUS405 Logic designs can be generated 
using Signetics AMAZE design software or 
several other commercially available, JEDEC 


standard PLD design software packages. INIT = 0 
Boolean and/or state equation entry format is = 

(INITIALIZATION 
accepted. o (ALWAYS DISABLED) 


ENABLED) 
PLUS405 logic designs can also be generated 


using the program table format detailed on the [option ~—s'|s—sCove i 
following page(s). This Program Teble Enty Pwwmauzanon’ [| re 


format (PTE) is supported by the Signetics 

AMAZE PLD design software. AMAZE is avail PROGRAMMING THE PLUS405: 

able free of charge to qualified users. The PLUS405 has a power-up preset feature. This feature insures that the device will power—up 
in a known state with all register elements (State and Output Register) at logic High (H). When 

To implement the desired logic functions,each —_ programming the device it is important to realize this is the initial state of the device. You must 

logic variable (|, B, P, S, T, etc.) from the logic _ provide a next state jump if you do not wish to use all Highs (H) as the present state. 

equations is assigned a symbol. TRUE, 

COMPLEMENT, PRESET, RESET, OUTPUT 

ENABLE, INACTIVE, etc., symbols are defined 

below. 


PRESET/RESET OPTION -— (P/R) 


cone 


ACTION 
INDETERMINATE PRESET 
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“AND” ARRAY - (I), (P) 


i, p 
IP 
ip 
Tn 


STATE CODE 
iwactve®2 | oOo | 


Th 


mt-T >: 


ACTION CODE ACTION CODE ACTION CODE 


“COMPLEMENT” ARRAY - (C) 


c 
Cc 
Th 
ACTION CODE ACTION | CODE | ACTION CODE 
iwactive)? | o | GENERATE | A | PROPAGATE | e@ | 


tol 


| 


CLOCK OPTION — (CLK1/CLK2) 


CLK2 


a 


CLK1 


[—opnion | c00e 


NOTES: 

. This is the initial unprogrammed state of all links. 

Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp. 
These states are not allowed when using PRESET/RESET option. 


CLK1 


[_opmon | _6O0E_] 
etkrend cua? | 


MAROON 


A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 


October 1989 357 


PLUS405—55 


[powrcane | - | 


/ No CHANGE - 


ACTION CODE 
TRANSPARENT | - | 


Input buffer |; must be deleted from the AND array (i.e., all fuse locations “Don’t Care”) when using second clock option. 


Preliminary Specification 
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PLUS405—55 


Logic Sequencer (16 x 64 x 8) 


PLUS405 PROGRAM TABLE 


OPTIONS 


INACTIVE 


INACTIVE 


GENERATE 


PROPAGATE 


CLK1 ONLY 
CLK1 AND 2 


L | CLK1/ 
H | CLK2 


NO CHANGE 


1 
- 
= 
Lu 
c 
< 
a 
12) 
z 
< 
c 
= 


DON'T CARE 


BT NAB 
Bt) en eee eee 


INITIALIZATION/OU 


OUTPUT (Fr) 


NEXT STATE (Ns) 


PRESENT STATE (Ps) 


INPUT ie 


eT tT TT TTT TTT TTT TT EE Eee 
TTT TTT TTT TTT TTT TTT ET TEE es 
BETES EEE EEE tt 
SCCSHTSCEAR Hosea Roca eocea HeoaHE Poca Essa eeoat peat 
eT TTT TTT TT TT TT ET TE es 
TTT TTT TT TTT TT TT TE EE ee 
CT ee 
Zt TTT TTT TTT TTT TT TT 

TTT TTT TT TT TTT TE EE eT 

BE EEE EEE PEEP EE 

a CHTEHTT TEBE ETE ERET EEE EEE PEE EERE EH EPH FHP 

TTT TTT TTT TTT TTT TTT EE EE TT 

ST TTT TTT TTT TTT ET TTT TT 

TTT TTI TTT TT TTT TT EE EE EE EE TTT 
BEE 

TTT TTT TT TT eT 
BEE 
SEH EEE CH EH EHE PPE Pe PHE PSP 
MTT TTT TTT TTT TTT TTT TTT ET 

MITT TTT TTT TT TTT TTT TTT TT ET EE 

BCE ECE EEE 

SIT TT TTT TT TTT TTT TTT TTT TT TE 
= TTT TTT TT ET ET fT 
BEE EEE EEE nt 
SHEATH EEE EH EEE HE EERE Ee EPPS ES eH eo — 
eT TTT TTT TTT TT TT TT 
BEE ot 
SCHERRER HE Ere Ee PS 
CECE EEE 


4A1aVL WVY9D0ud 
Add 


PE eof 
LETT TTT TT TT ET 
FLEE I TTT TTT TT TT Te TT 2} 2 zd 
aatdtdaaanannscassescanactaaataatecda f| 8 
# LHVd GAZI IOSWAS YAWOLSND 


# JOIAAC SOILANDIS 
AWVN YHAWOLSNSD 


(XXXX) 40 


NOTES: 


The FPLS is shipped with ail links initially intact. Thus, a background of “O” for all Terms, and an “H” for the IN/E and H for the clock option, exists in the table, shown BLANK instead 


for clarity. 


il 


Unused Cn Im, and Ps bits are normally programmed Don't Care (—). 


2. 


Unused Transition Terms can be left blank for future code modification, or programmed as (—) for maximum speed. 


3. 
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Programmable Logic Devices 


FEATURES 
® Programmable Macro Logic device 


®@ Full connectivity 
© TTL compatible 


® SNAP development system 


— Supports third-party schematic 
entry formats 


— Macro library 


— Versatile netlist format for design 
portability 


— Logic, timing, and fault 
simulation 
© AMAZE development system: 


— Supports third-party schematic 
entry formats 


— Boolean equation entry 
— Logic, timing, and fault 
simulation 


© Delay per internal NAND 
function = 6.5ns (typ) 


© Testable in unprogrammed state 


® Security fuse allows protection of 
proprietary designs 


PLHS501 


Programmable Macro Logic 


PML™ 


STRUCTURE 


@ NAND gate based architecture 
— 72 foldback NAND terms 
® 104 input—wide logic terms 
@ 44 additional logic terms 
® 24 dedicated inputs (lp — 123) 
® 8 bidirectional I/Os with individual 
3-—State enable: 
— 4 active—High (B, — B,) 
- 4 active—Low (By — B3) 
© 16 dedicated outputs: 
— 4 active—High outputs 
Oo, O; with common 3-State 
enable 
O,, 03; with common 3-State 
enable 
— 4active—Low outputs: 
©,, O; with common 3-State 
enable 
0,, 07 with common 3-State 
enable 
— 8 Exclusive—OR outputs: 
X, — X3 with common 3-State 
enable 


X, — X,; with common 3-State 
enable 


PML is a trademark of Philios Components—Sianetics 


DESCRIPTION 

The PLHS501 is a high-density Bipolar 
Programmable Macro Logic device. PML 
incorporates a programmable NAND 
structure. The NAND architecture is an 
efficient method for implementing any 
logic function. The SNAP software devel- 
opment system provides a user friendly 
environment for design entry. SNAP 
eliminates the need for a detailed 
understanding of the PLHS501 architec- 
ture and makes it transparent to the user. 
PLHS501 is also supported on the 
Signetics AMAZE software development 
system. 


The PLHS501 is ideal for a wide range of 
microprocessor support functions, includ- 
ing bus interface and control applications. 


PHILIPS 


PHILIPS 
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PIN CONFIGURATION 


A Package 
(52—pin PLCC) 


ARCHITECTURE 

The core of the PLHS501 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner, full connectivity of 
all logic functions is achieved in the PLHS501. 
Any logic function can be created within the 
core of the device without wasting valuable I/O 
pins. Furthermore, a speed advantage is ac- 
quired by implementing multilevel logic within 
a fast internal core without incurring any delays 
from the I/O buffers. 


DESIGN DEVELOPMENT TOOLS 
The SNAP Software Development System pro- 
vides the necessary tools for designing with 
PML. SNAP provides the following: 


@ Schematicentry netlist generation from third- 
party schematic design packages such as 


OrCAD/SDT III™ and FutureNet™. 


@ Macro library for standard PLHS501 
functions and user defined functions 


® Boolean equation entry 
e State equation entry 
e Syntax and design entry checking 


@ Simulator includes logic simulation, fault 
simulation and timing simulation. 


FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, Inc. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.1 
or higher. The minimum system configuration 
for SNAP is 640K bytes of RAM and aharddisk. 


SNAP provides primitive PML function libraries 
for third-party schematic design packages. 
Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
format. Using the Device Programmer Inter- 
face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 


IBM is a registered trademark of International Business Machines Corporation. 
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AMAZE 

The AMAZE PLD Design Software develop- 
ment system also supports the PLHS501. 
AMAZE provides the following capabilities for 
the PLHS501: 


@ Schematic entry netlist conversion from 
third-party schematic software 


® Boolean equation entry 
@ Logic and timing simulation 


e Automatic test vector generation 


AMAZE operates on an IBM PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.0 
or higher. The minimum system configuration 
for AMAZE is 640K bytes of RAM and a hard 
disk. 


AMAZE compiles the design after completion 
for syntax and completeness. Programming 
data is generated in JEDEC format. 


DESIGN SECURITY 

The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this pro- 
grammable feature, proprietary designs im- 
plemented in the device cannot be copied or 
retrieved. 
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PLHS501 FUNCTIONAL BLOCK DIAGRAM 


24 
DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 
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FUNCTIONAL DIAGRAM 


0 
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e 
eee e 
e 


November 10, 1989 364 


Product Specification 


PLHS501 


|_| Bo-B3 
|_| B4-B7 
|_|} Xo, Xa, X4, Xe 


|_| X4, Xq Xs, X7 


x2 
4 Oo, O2 


x2 
|} 04,03 
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ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


52—Pin Plastic Leaded Chip Carrier PLHS501A 


ABSOLUTE MAXIMUM RATINGS! 


Supply voltage 


Input voltage 
Output voltage 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS VIRGIN STATE 


TEMPERATURE A factory shipped virgin device contains all fus- 
ible links open, such that: 
150°C All product terms are enabled. 
7 


Allowable thermal rise 
5°C 


ambient to junction 


— 


All bidirectional (B) pins are outputs. 


All outputs are enabled. 


~~ » 


All outputs are active—High except 
Bo — Bg (fusible 1/0) and O4 — 07 which 
are active—Low. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITION See UNIT 


Input voltage? 


Output voltage 


VoL Low? 4 lo. = 10mA 
Vou High? 5 lou =—2mA 


re Low 
ly High 


Output current 


Voc = Max 
lO(OFF) Hi-Z state? Vout = 5.5V 80 LA 
Vout = 0.45V _ 
Short circuit?: 5 Vout = OV 


ae 
8 pF 
15 pF 
All voltage values are with respect to network ground terminal, 
Test one at a time. 


For Pins 15 — 19, 21 — 27 and 37 — 40, Vo, is measured with Pins 5 and 41 = 8,75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 
For Pins 28 — 33 and 35 — 36, Vo, is measured under same conditions EXCEPT Pin 44 = OV. 

Von is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = OV. 

Duration of short circuit should not exceed 1 second. 

Icc is measured with all dedicated inputs at OV and bidirectional and output pins open. 

Measured at V7 = Vo, + 0.5V. 

Leakage values are a combination of input and output leakage. 


NOTES: 
All typical values are at Voc = 5V, Ta = +25°C. 


on = 


Sem Pe 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


November 10, 1989 367 


Signetics Programmable Logic Devices Product Specification 


Programmable Macro Logic PLHS501 


MACRO CELL SPECIFICATIONS! T, = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Re = 1000Q, R, = 470Q 


(SNAP Resource Summary Designations in Parantheses) 


Input Buffer 
(DIN501 [Non-inverting], NIN501 [Inverting]) 


UNIT 


NOTES 


With 0 p—terms load 
With 0 p—terms load 


Input Pins: 1-7,9-—14, 41-45, 48 — 52. 
Bidirectional Pins: 15 — 18, 37 — 40. 
Maximum internal fan—out: 16 p—terms on X or Y. 


NAND Output Buffer with 3-State Control 
(TOUS01) 


Ee Out 
Ee Out 


Out Tri-—Ctrl 
Out Tri—Ctrl 


Sams Pins: 24 — 27. 


| PARAMETER | ETER 
SYMBOL PARAMETER —_ 
ouput — 


Internal Foldback NAND 
(FBNAND) 


SYMBOL UNIT 


“00 | -008 


| ea ETER 
SYMBOL ATE NOTES 
siete (Input) 


| on | Ay | 82 With 0 p—terms load 


Maximum internal loading of 16 terms. 


1. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 
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MACRO CELL SPECIFICATIONS (Continued) T, = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Ro = 1000Q, R, = 470 


(SNAP Resource Summary Designations in Parantheses) 


AND Output Buffer with 3—-State Control 
(NOU501) 


Tri—Ctrl 
Tri—Ctrl 


NAND Output Buffer 
(OUT501) 


PARAMETER 
SYMBOL 
ae 
tPHL In 
teLH In 


Bidirectional Pins: 37 — 40. 


Ex—OR Output Buffer 
(EXO501) 


| PARAMETER) LIMITS 
SYMBOL ——PaRAveTER —_J UNIT 
reoapit (Input) 
teHL Out AorB 8.5 17.5 
teLy Out AorB 8.5 id 16.0 
Tri—Ctrl 8.5 15 18.5 
Tri—Ctrl 8.5 12.5 17.0 


Ex—OR Output Pins: 28 - 33. 
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PLHS501 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 
FUNCTION EQUVALENT TYPICAL tpp tu COMMENTS 


Gates 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Decoders 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


Multiplexers 


Inverted inputs available 


Can address only 27 external inputs — more if internal 


Flip-Flops 


D-type Flip—Flop With asynchronous S—R 
T-type Flip-Flop With asynchronous S-R 
J—K-type Flip-Flop With asynchronous S-R 


Adders 
ete S*dSSCSSSC*dSC es —_—*d:Ccaep aca fouriovelsaiogy 
Barrel Shifters 
OO 
Latches 
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APPLICATIONS 


SPECIFIC 


BUS 
: ARBITRATION ¥ Seanad 
fanaa mi 


CLOCK 
ORIGINATION 
Ju 


CLOCK 


a. * aes, 
> ADDRESS, DATA, 


CONTROL AND PARITY 


ARBITRATION 


Simplified NuBus™ Diagram (10MHz Operating Frequency) 


-ADL 


—CDSETUP 
—-W/H0 
-S1 

-SO 

-A2 

-Al 

-AO0 


_CMD DATA OUTPUT 


CHRESET 


3to1 


8 | 
- 7 | MULTIPLEXER 


Block Diagram of Basic POS Implementation in PLHS501 


NuBus is a trademark of Texas Instruments, Inc. 
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FEATURES 
® Programmable Macro Logic 


© Full connectivity 


© Delay per internal NAND 
function = 6.5ns 


® Clock frequency = 40MHz 
Operating frequency = 33MHz 


® SNAP development system eases 
design 


— Supports third-party schematic 
entry formats 


— Macro library 


— Versatile netlist format for design 
portability 


— Logic, timing, and fault simula- 
tion 


© TTL compatible 


® Security fuse allows protection of 
proprietary designs 


© Testable in unprogrammed state 


PLHS502 


STRUCTURE 
@ NAND gate based architecture 
— 64 foldback NAND terms 


© 80 additional logic terms 

®@ 128 inputs per logic term 

@ 20 dedicated inputs 

© 4 programmable input/clock inputs 
® 8 independent clocks 


— 4 from input/clock pins 
— 4 from NAND array 


® 8 bidirectional I/Os 


® 16 dedicated outputs 
— 8 active—-High outputs 
— 4 outputs with programmable 
polarity 
— 43-State outputs with program- 
mable polarity and independent 
3—State control 
@ 16 buried flip-flops 
-—-8Dtype 
-8S-R type 


DESCRIPTION 

The Signetics PML family of PLDs 
provides the capability to create fast and 
cost effective solutions for a number of 
microprocessor interface and control 
applications. PML incorporates the 
unique feature of a programmable NAND 
structure as the basis of its architecture. 


The PLHS502 is a high-density Bipolar 
Programmable Macro Logic Device. The 
folded NAND array combined with em- 
bedded I/O flip—flops allows for both tim- 
ing control, wide decoders, multiplexers, 
and system input and output bus latches 
to be combined onto one device. 


APPLICATIONS 
@ VRAM controllers 


@ DRAM/SRAM controllers 
® Multiple state machines 
® Timing control 


® Error detection/correction 


PML is a trademark of Philips Components—Signetics 


PHILIPS 


PHILIPS 
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PIN CONFIGURATION 


A Package (68—Pin PLCC) 


118 

119 

N.C, 
120/CLK 
121/CLK 
GND5 
GND1 
I22/CLK 
123/CLK 
/BO 
vcc2 
VCC6 


ARCHITECTURE 

The core of the PLHS502 is a programmable 
fuse array of 64 NAND gates and 16 buried flip- 
flops. The output of each gate and flip-flop folds 
back upon itself and all other NAND gates and 
flip-flops. In this manner, full connectivity of all 
logic functions is achieved in the PLHS502. 
Any logic function can be created within the 
core of the device without wasting valuable I/O 
pins. Furthermore, a speed advantage is ac- 
quired by implementing multijevel logic within 
a fast internal core without incurring any delays 
from the I/O buffers. 


Buried Flip-Flops 

The 16 buried flip-flops can be connected to the 
input or output structures through the NAND 
array. Intricate state machine designs can be 
implemented within the core without any 
unnecessary delays from the input or output 
buffers. Each flip-flop can be realized as an 
input or output register with no constraints. 


The Clock Array 

There are a combination of 26 possible inputs 

to the ‘Clock Array’: 

— 2 are directly from the input pins fed 
through an inverting buffer. 


FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrCAD, Inc. 


— 4 inputs with programmable polarity directly 
from the input pins. 


— 4 inputs from 4 individual NAND terms. 


— 16 inputs from the ‘Q' outputs of the flip- 
flops. 


The wide selection of clocking options offers 
the user the capacity to create custom and 
independent clock functions for the flip-flops. 
This together with the full connectivity of the 
device, offers the capability to implementa vari- 
ety of synchronous and asynchronous state 
machines. Another possible application is 
implementing multi-phase designs such as 
pipe—lined processing. 


DESIGN DEVELOPMENT TOOLS 

The SNAP Software Development System pro- 

vides the necessary tools for designing with 

PML. SNAP provides the following: 

© Schematic entry netlist generation from third- 
party schematic design packages such as 


OrCAD/SDT™ and FutureNet™. 


e Macro library for standard PLHS502 func- 
tions and user defined functions 


IBM is a registered trademark of International Business Machines Corporation. 
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© Boolean equation entry 
e State equation entry 
e@ Syntax and design entry checking 


e@ Simulatorincludes logic simulation, fault sim- 
ulation, and timing simulation. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.1 
or higher. A minimum of 640K bytes of RAM is 
required together with a hard disk. 


SNAP provides primitive PML function libraries 
for third party schematic désign packages. 
Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
format. Using the Device Programmer Inter- 
face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 
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DESIGN SECURITY 

The PLHSS502 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this pro- 
grammable feature, proprietary designs im- 
plemented in the device cannot be copied or 
retrieved. 


PLHS502 FUNCTIONAL BLOCK DIAGRAM 


DEDICATED 
INPUTS 


16 
DEDICATED 
OUTPUTS 


8 
D FLIP-FLOPS 
WITH 
INDEPENDENT 
CLOCKS 


8 
BIDIRECTIONAL 
VOS 
8 
S—R FLIP- 
FLOPS WITH 
INDEPENDENT 

CLOCKS 
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FUNCTIONAL DIAGRAM 


B 
° 


in 


GCC 
TT TT TTT 
TTT 
PUT EE ET 
ETE ETT 
TET 
PELE EEE 
UE 
SH HTCCHHILE 


eC UHIMInIATINalid 


a 


EI 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


+3.0V— — — — 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified 


Ta = 0°C to +75°C, 4.75 < Voc < 5.25V, Ry = 470Q, Ro = 1000Q, C, = 30pF 


Input Pulses 
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ORDERING INFORMATION THERMAL RATINGS 


DESCRIPTION ORDER CODE TEMPERATURE 
68-Pin Plastic Leaded Chip Carrier PLHS502A 


Allowable thermal rise 75°C 
ambient to junction 


VIRGIN STATE 


A factory shipped virgin device contains all 
fusible links open, such that: 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
Voc 


RATINGS 


PARAMETER 
Supply voltage 
Input voltage 
Output voltage 1. All bidirectional (B) pins are outputs. 
Input currents 2. All outputs are enabled. 


3. All outputs are active—Low except 
Op — O07, which are active—High. 


Output currents 
Operating temperature range 


Storage temperature range 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


DC ELECTRICAL CHARACTERISTICS 0°C «< Ty < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION | Min | Typ? | Max | UNIT 


Input voltage? 


Vit Voc = Min 0.8 V 
Vin Voc = Max 2.0 V 
Vic Voc = Min, lin =—12mA 0.8 -1.2 V 


Output voltage 


Voc = Min 
Vor Low2 lo, = 10mA 0.45 V 
Vou High? lon =—2mA 2.4 V 
lie Low —100 LWA 
ls High 40 UA 


Output current 


Voc = Max 
lO(OFF) Hi-Z state Vout = 5.5V 80 LA 
Vout = 0.45V ~140 
Short circuit Vout = OV —15 -70 mA 


los 
SB 


Capacitance 
Voc = 5V 
Ci Input Vin = 2.0V pF 
Cp /O Vout = 2.0V pF 
NOTES: 


1. All typical values are at Voc = 5V, Ta = +25°C. 
2. All voltage values are with respect to network ground terminal. 
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MACRO CELL A.C. SPECIFICATIONS (SNAP Resource Summary Designations in Parentheses) 
Input Buffer 


(DIN502, CDIN502, BDINS02 
NIN502, CNIN502, BNIN502) 


| i os 
|symBot | Min | Typ | Max | UNIT | 


Tate [00s | ot | 015 | nae 


PARAMETER LIMITS 
SYMBOL To x UNIT NOTES 
(Output) yp 
tL X 4 5 6 
tut ¥ 2 3 3.5 ns : 


Input Pins: 1, 2, 4-8, 10, 11, 13, 14, 17, 18, 53, 56-59, 61, 62, 64-66, 68. 
Bidirectional Pins: 19, 22-25, 27, 28, 30. 
Limit of 16 NAND terms for Input Buffer (X and Y) and Internal Foldback NAND (Y). 


NAND Output Buffer with 3-State Control 
(TOU502) 


Tri—Ctrl 


Out Tri—Ctrl 
Out Tri—Ctrl 


Internal Foldback NAND 
(FBNAND) 


ws [or fos | mpem 


SYMBOL NOTES 
With 0 p-term load 
teLH : With 0 p—term load 


Limit of 16 NAND terms for Input Buffer (X and Y) and Internal Foldback NAND (Y). 
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MACRO CELL A.C. SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 


3~State Output with Programmable Polarity 
(TEXO502) 


Out | 
Out 


Out 
Out 


Output Pins: 47, 48, 51, 52. 


Output with Programmable Polarity 
(EXO502) 


[PARAMETER — LIMITS 
SYMBOL ee 
(Output) 
‘tra 
tPLH 


Output Pins: 41, 42, 44, 45. 


Output Buffer 
(NOU502) 


; . Jo 


PARAM | PARAMETER LIMITS 
SYMBOL PARAMETER _ UNIT 
<a 
Le | 
Le | 


Output Pins: _ ot 32, 34-36, 38—40. 
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D FLIP-FLOP (SNAP Resource Summary Designation = DFF502) 


INPUTS | OUTPUTS 


twWcK1: ‘PCK1 


NOTE: 
Qo, Qo represent previous stable condition of Q, . 


<a 
a 
am 
<a 
= 


tWCK3: ‘PCK3 


LIMITS 


SYMBOL Typ NOTES 


NOTES: 
SYMBOL FROM 1. Setup and Hold times are with reference to rising edge of 
(INPUT) CK1, CK2, and CK3. 
Te | oxt_| 


tel | ons | 2. Limit of 16 Logic terms load on Q and Q. 


Tee [oe [oo fels[ «| = 
rn 
ris [ef [me] [srmeot | win [we [wer | Nores 
res | me 
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S-R FLIP-FLOP (SNAP Resource Summary Designation = RSF502) 


tWCK1> ‘PCK1 


NOTE: 
Qo, Qo represent previous stable condition of Q, ©. 


tWCK2; tPCK2 


SYMBOL NOTES 


s 
| workin | to | 9 | oe | as | -0.02 | -0.05 | -0.1 


LIMITS 
SYMBOL | FROM TO : UNIT 
(INPUT) | (OUTPUT) yp 
pons | 


Tor | oo [us| | a | 
om [ox | 0G [is [ms [ms [ mm 
Pom | oe [oc | 2 | [is] nm 
Pm | o@ [oa [w]e] 
Ten | ox | ow [6 [ws] 
on | ox | 0G [= | 7] | 
Tm | oy | ac [| [es] me | 
Tm [oer | oa ||| | 


Pes Par fo fo fs fat = 
Poe Pane fe [ef 
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NOTES: 


1. Setup and Hold times are with reference to rising edge of 
CK1, CK2, and CK3. 


2. Limit of 16 Logic terms load on Q and Q. 


ns/p—term load on 
ns/p—term load on 
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PLHS502 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 


Gates 
Macro Flip-Flops 


D—Type Flip-Flop N/A 40MHz Total budget = 8 
SR-Type Flip—Flop N/A 40MHz Total budget = 8 


Gate Implemented Flip-Flops 


For 1 to 32-pin input variables 
Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 
Additional internal inputs can be used as needed 


D—Type Flip—Flop With asynchronous S-R 


T—Type FlipFlop With asynchronous S-R 
J—K-Type Flip-Flop With asynchronous S—R 
Transparent-D Latch With asynchronous S-R 


S-R Latch With asynchronous S-R 


Decoders 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Multiplexers 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available 


Can address only 27 external inputs — more if internal 
only. This disallows clock inputs to flip—flop. 


PLHS502 Rough Resource Budget = 64 NANDs, 8 D, 8 SR, 24 inputs, 16 outputs, 8 bidirectionals. 


APPLICATIONS 


PARALLEL DATA OUT 


SERIAL DATA IN 


3-BIT COUNTER : RECEIVE CLOCK 


3-BIT COUNTER : TRANSMIT CLOCK 


SERIAL DATA OUT 


LOAD/SHIFT PARALLEL DATA IN 


40MHz Synchronous Receiver/Transmitter 
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APPLICATIONS (Continued) 


4 X 4 Content Addressable Memory (Address valid to Hit Time = 20ns) 
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FEATURES 
® Programmable Macro Logic 
© TTL compatible 


®@ SNAP development system 
— Supports third-party schematic 
entry formats 
— Macro library 
— Versatile netlist format for design 
portability 
— Logic, timing, and fault 
simulation 
® Delay per internal NAND function = 
4.5ns (typ) 


® Security fuse for copy protection 


STRUCTURE 
® 86 foldback terms 
— 78 foldback NAND terms 
— 8 foldback Exciusive-OR terms 
® 64 additional logic terms 
® 28 dedicated inputs 


® 12 bidirectional pins with Active- 
High output and independent 
3-State control 


® 12 dedicated Active-High outputs 
with independent 3-state control 


PLHS601 


Programmable Macro Logic 


PML™ 


DESCRIPTION 

The Signetics Programmable Macro Log- 
ic (PML) family of PLDs provides the ca- 
pability to create fast and cost effective 
solutions for general purpose logic inte- 
gration, microprocessor bus interface and 
control applications. PML incorporates 
folded NAND gates as the core of its archi- 
tecture. With this architecture, multiple 
levels of logic can be realized within the 
device without wasting valuable 1/O pins. 
Furthermore, full connectivity is estab- 
lished among the different macros within 
the device, which in turn eliminates the 
route and place restrictions associated 
with high density programmable gate 
arrays. 


The PLHS601 is a high-density bipolar 
PML device. The high number of I/O pins 
and the folded NAND architecture makes 
this device ideal in a wide range of bus in- 
terface and control logic applications. The 
PLHS601 is a powerful solution to elimi- 
nate wait states and create cost-effective 
microprocessor support circuitry. 


PML is a trademark of Philips Components—Signetics. 
®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 


APPLICATIONS 


© General purpose logic integration 
and microprocessor support logic 


e PAL® and glue logic replacement 


® High speed and wide address 
decoders 


®@ Wide multiplexers and decoders 


® Bus arbitration functions 


ARCHITECTURE 

The core of the PLHS601 is a program- 
mable fuse array of 78 folded NAND gates 
and 8 folded Exclusive-OR gates. The 
output of each gate folds back upon itself 
and all other gates. In this manner, full 
connectivity of all logic functions is 
achieved. Any logic functions can be im- 
plemented within the core of the device 
without wasting valuable I/O pins. Further- 
more, a speed advantage is achieved by 
creating multiple levels of logic within the 
folded core without incurring any delays 
from the I/O buffers. 


PHILIPS 


PHILIPS 
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PIN CONFIGURATION 


A Package (68-Pin PLCC) 


DESIGN DEVELOPMENT TOOLS 
The SNAP Software Development System pro- 
vides the necessary tools for designing with 
PML. SNAP provides the following: 


@ Schematicentry netlist generation from third- 
party schematic design packages such as 


OrCAD/SDT III™ and FutureNet™. 


e Macro library for standard PLHS601 func- 
tions and user defined functions 


Boolean equation entry 


® State equation entry 


FutureNet is a trademark of FutureNet Corporation. 
OrCAD/SDT is a trademark of OrGAD, Inc. 


@ Syntax and design entry checking 


@ Simulator includes logic simulation, fault sim- 
ulation, automatic test vector generation, 
and timing simulation. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.1 
or higher. The minimum system configuration 
for SNAP is 640K bytes of RAM and aharddisk. 


SNAP provides primitive PML function libraries 
for third-party schematic design packages. 


IBM is a registered trademark of International Business Machines Corporation. 


November 1989 


385 


PLHS601 


Custom macro function libraries can be defined 
in schematic or equation form. 


After the completion of a design, the software 
compiles the design for syntax and complete- 
ness. Complete simulation can be carried out 
using the different simulation tools available. 


The programming data is generated in JEDEC 
format. Using the Device Programmer Inter- 
face (DPI) module of SNAP, the JEDEC fuse- 
map is sent from the host computer to the 
device programmer. 
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FUNCTIONAL DIAGRAM 
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PLHS601 FUNCTIONAL BLOCK DIAGRAM 


28 
DEDICATED 
INPUTS 


EXCLUSIVE 
OR 


12 
BIDIRECTIONAL 
VOS 


+ 


12 
OUTPUTS 
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ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
68—Pin Plastic Leaded Chip Carrier PLHS601A 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL 
Input voltage 


Output voltage 


RATINGS 


PARAMETER 


Input currents 


Output currents 


Operating temperature range 


y 
(2) 
Cc 
= 


Storage temperature range 


NOTE: 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This 
is a stress rating only. Functional operation at these or any other condition above those indi- 
cated in the operational and programming specification of the device is not implied. 


THERMAL RATINGS VIRGIN STATE 


TEMPERATURE A factory shipped virgin device contains all fus- 
ible links open, such that: 
1. All product terms are enabled. 


2. All bidirectional (B) pins are outputs. 
3. All outputs are enabled. 
4. All outputs are Active-HIGH. 
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DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Voc < 5.25V 


LIMITS 
SYMBOL PARAMETER TEST CONDITION 


Input voltage? 
Voc = Min 
Voc = Max 
Voc = Min, lin =—12mA 


Output voltage 


Vcc = Min 
VoL Low2 lo. = 10mA 
Vou High? lou =-2mA 


Nie Low 
hy High 


Output current 


Voc = Max 

lO(OFF) Hi-Z state® Vout = 5.5V 
Vout = 0.45V “ : 

Short circuit? 4 Vout = OV 


er 


Capacitance 


Cin Input = 2. pF 
Cg /O = 2. pF 


NOTES: 


All typical values are at Vcc = 5V, Ta = +25°C. 

All voltage values are with respect to network ground terminal. 

Test one at a time. 

Duration of short circuit should not exceed 1 second. 

loc is measured with all dedicated inputs at OV and bidirectional and output pins open. 
Leakage values are a combination of input and output leakages. 


2 On GO fo = 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


10% 
INCLUDES SCOPE 
AND JIG | | 
CAPACITANCE tp te 
2.5ns 2.5n8 


VS 


10% 
2.5ns 2.5ne8 
MEASUREMENTS: 


All circuit delays are measured at the +1.5V level 
of inputs and outputs, unless otherwise specified. 


Input Pulses 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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MACRO CELL SPECIFICATIONS T, = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Ro = 1000Q, R; = 470Q 


(SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN601, NIN601) 


SYMBOL 


[aun [0 


ie me 
5 
9.5 


Input Pins: 1-2, 4-8, 10— 11, 13-15, 17-19, 52 — 53, 55 — 59, 61 — 62, 64 — 66, 68. 
Bidirectional Pins: 21 — 25, 27 — 28, 30 — 32, 34 — 35. 
Maximum internal fan—out: 16 p—terms on X or Y. 


Internal Foldback NAND 
(FBNAND) 


LIMITS 
SYMBOL | Min | Ty UNIT 


p | wax 
“008 


PARAMETER LIMITS 
SYMBOL To From + UNIT NOTES 
(Output) (Input) yP 
2.0 2.7 , 


Maximum internal loading of 16 terms. 
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MACRO CELL SPECIFICATIONS (Continued) T, = 0°C to +75°C, 4.75V < Voc < 5.25V, C, = 30pF, Ro = 1000, R; = 47002 


(SNAP Resource Summary Designations in Parentheses) 


Non-Inverting Output Buffer with 3-State Control 
(NOU601) 


PARAMETER LIMITS 
SYMBOL To + 
(Output) yP 
tPHL Output 
tPLH Output 
toe Tri-Ctrl : 0 11.5 
top Tri-Ctrl 9.5 


Bidirectional and Output Pins: 19, 21, 22, 23, 15-18. 


Internal Ex—OR Feedback Terms 
(EXO601) 


Aen [005 | oor | oa | rate 


PARAMETER 
SYMBOL To 
(Output) 
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PLHS601 GATE AND SPEED ESTIMATE TABLE 


INTERNAL NAND 
FUNCTION EQUVALENT TYPICAL tpp tua COMMENTS 


Gates 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Decoders 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 


Encoders 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 


Multiplexers 


Inverted inputs available 


Can address only 27 external inputs — more if internal 


Flip-Flops 


With asynchronous S-R 
With asynchronous S—R 
With asynchronous S—-R 


D-type Flip—Flop 
T-type Flip—Flop 
J—K-type Flip—Flop 


Adders 


Barrel Shifters 
Latches 
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APPLICATIONS 


MASTER 


MODULE 
SPECIFIC 


| ARBITRATION 


BUS 
CONTROL 


CLOCK 
ORIGINATION 


CLOCK 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


Simplified NuBus™ Diagram (20MHz Operating Frequency) 


-ADL 


—CDSETUP 
-—W/A0 
-S1 

-SO 

-A2 

-Al 

-A0 


-CMD 


CHRESET 


TRANSCEIVER 
CONTROL 


3 to 1 


. 
oy same MULTIPLEXER 


Block Diagram of Basic POS implementation in PLHS601 


NuBus is a trademark of Texas Instruments, Inc. 
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FEATURES 


® Full connectivity 

® Scan test 

® Power down mode 

© Power on reset 

® 100% testable 

® High-Speed and Standard versions 


®@ SNAP development system 


— Supports third-party schematic entry 
formats 


— Macro library 


— Versatile netlist format for design 
portability 
— Logic, timing, and fault simulation 


® TTL compatible 
© Power dissipation (TTL) = 630mW 
© Power dissipation (CMOS) = 525mW 


® Security fuse 


PROPAGATION DELAYS 


® Delay per internal NAND gate 
= 12ns (typ) (High-Speed) 
= 15ns (typ) (Standard) 


STRUCTURE 


®@ 112 possible foldback NAND gates: 
— 96 internal NAND 
— 16 from the I/O macros 


® 114 additional logic terms 


© 53 possible inputs (with programmable 
polarity) 
— 29 dedicated inputs 
— 24 bidirectional I/Os 


Doane] —*+?—«~PML2552 
one. | 


® 24 bidirectional pins 
© 52 flip-flops 


© 24 possible outputs with individual 
Output Enable control (8 with 
programmable polarity) 


® Multiple independent clocks 


® 20 Buried JK-type flip-flops with fold- 
back (JKFFs): 
— 10 JKFFs with one shared preset 


signal and one shared clocked signal 
originating from the clock array. 


— 10 JKFFs with 10 independent clock 
signals originating from the clock 
array and 10 independent clear 
signals 


® 258 inputs per NAND gate 


© Bypassable Input D-type flip-flop 
(DFFs)/Combinatorial Inputs: 


16 DFFs/combinatorial inputs 


DFFs clocked in two groups of eight 


DFFs not bypassed in unprogrammed 
state 


Independent bypass fuse on each 
DFF 


© |nputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 


16 output DFFs/combinatorial inputs/ 
outputs with individual Output Enable 
control 


DFFs clocked in two groups of eight 


DFFs not bypassed in unprogrammed 
state 


Independent bypass fuse on each 
DFF 


The DFF can be used as an internal 
DFF or an internal foldback NAND 
gate. 


PML is a trademark of Philips Components-Signetics. 


® Combinatorial inputs: 
— 9 dedicated inputs to the NAND array 


— 3 inputs optional to NAND array and/ 
or clock array 

— 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 


® Separate clock array: 

— Separate clock array for JKFFs clock 
inputs 

- 4inputs to clock array originate from 
NAND array 

— 4inputs (with programmable polarity) 
directly from input pins 

— 10 inputs from Q outputs of JKFFs 
with clear 


® Dedicated clocks: 
— One dedicated clock for input DFFs 
(Group A) 
— Two dedicated clocks for output DFFs 


® Scan test feature: 


— Scan chain is implemented through 
the 20 buried JKFFs and 16 output 
DFFs 


— Pins SCI, SCM, and CKE1 are used to 
operate the scan test 


® Power down mode 


— Dedicated pin (PD) freezes the circuit 
when brought to logic “1”. The circuit 
remains in the same state prior to the 
logic “0” to logic “1” transition of the 
“PD” pin. 

— When in the power down mode, the 
SCI pin acts as the 3-State pin for the 
24 outputs. 


® Power on reset: 


— All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset 
to logic “0” after Vcc power on. 


PHILIPS 


PHILIPS 
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PIN CONFIGURATION 


VCKD3 
VCC4 
V/CKD2 
VCKD1 
V/CKB/CKC 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 


PML2552AA 
PML2552ALA 


PML2552A 
68—pin Ceramic Leaded Chip Carrier with quartz window 
Standard PML2552LA 
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FUNCTIONAL BLOCK DIAGRAM 


16 
INPUT 
D FLIP-FLOPS 
& 


13 DEDICATED 
INPUTS 


16 OUTPUT 
D FLIP-FLOPS 


10 
JK FUP-FLOPS 
WITH 


DISTINCT 
CLKS 


Figure 1 
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LOGIC DIAGRAM 


V/CKB/CKC 


(SCAN CLOCK) 
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DESCRIPTION 

The Signetics PML family of PLDs provides 
“instant gate array” capabilities for general 
purpose logic integration applications. The 
PML2552 is the first high density CMOS—PML 
product. Fabricated with the Signetics high— 
performance EPROM process, it is an ideal 
way to reduce NRE costs, inventory problems 
and quality concerns. The PML2552 incorpo- 
rates the PML folded NAND array architecture 
which provides 100% connectivity to eliminate 
routing restrictions. What distinguishes the 
PML2552 from the “classic” PLD architectures 
is its flexibility and the potent flip—flop building 
blocks. The device utilizes a folded NAND 
architecture, which enables the designer to im- 
plement multiple levels of logic on a single chip. 
The PML2582 eliminates the NRE costs, risks, 
and hard to use design tools associated with 
semicustom and full custom approaches. It 
allows the system designer to manage reliable 
functionality, in less time and space plus a fast- 
er time to market. The PML2582 is ideal in to- 
days instrumentation, industrial control, EISA, 
NuBus™, bus interface and dense state 
machine applications in conjunction with the 
state—ofthe—art CMOS processors. It is capa- 
ble of replacing large amounts of TTL, SSI and 
MSI logic and literally allows the designer to 
build a system on the chip. 


The SNAP development software gives easy 
access to the density and flexibility of the 
PML25582 through a variety of design entry for- 
mats, including schematic, logic equations, and 
state equations in any combination. 


NuBus Is a trademark of Texas Instruments, Inc. 
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ARCHITECTURE 

The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates and 
flip—flops. The ‘Q’ and ‘Q' output of each flip— 
flop also folds back in the same manner. Thus, 
total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without wasting 
valuable I/O pins. Furthermore, a speed advan- 
tage is acquired by implementing multi4evel 
logic within a fast internal core without incurring 
any delays from the I/O buffers. Figure 1 shows 
the functional block diagram of the PML2552. 


Macro Cells 

There are 16 bypassable DFFs on the input to 
the NAND array. These flip—flops are splitin two 
banks of 8 (Bank A and Bank B). Each bank of 
flip—flops has a common clock. In the unpro- 
grammed state of the device the flip-flops are 
active. In order to bypass any DFF, its respec- 
tive bypass fuse (BFAx) must be programmed. 


The 16 I/O pins (l1Og—1045) and their respective 

D flip-flop macros can be used in any one of the 

following configurations: 

1. As combinatorial input(s). 
Each of the 16 3—State outputs can be indi- 
vidually disabled by the associated NAND 
term and the pin is used as an inverting or 
non-inverting input. 

2. As registered DFF outputs. 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFB, (see PML2552 Logic 
Diagram) is used to bypass any one of these 
DFFs. The flip-flops are all active in an un- 
programmed device. 
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3. As combinatorial outputs. 
By programming the bypass (BFB,) fuse of 
any one of the DFFs, the flip—flop(s) is by- 
passed. The I/O pin can then be used as a 
combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 
When the |/O pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAND term. Ifthe bypass 
fuse is programmed, the macro will actas a 
foldback NAND term. Otherwise it will actas 
an internal DFF. 


The 8 bidirectional pins (BO—B7) can be usedas 
either combinatorial inputs or outputs with pro- 
grammable polarity. The outputs are inverting 
in the unprogrammed state. In order to make 
the outputs non-inverting, fuse BFCy (See 
Logic Diagram) must be programmed. 


The NAND signal labeled ‘OD’ (Output Disable) 
shown on the PML2552 logic diagram is used 
for the Power Down mode operation. This sig- 
nal disables the outputs when the device enters 
the Power Down mode and SCI is high. 


Clock Array 

The 20 buried JKFFs can be clocked through 
the ‘Clock Array’. The Clock Array consists of 
11 NAND terms. Ten of these terms are con- 
nected to the clock inputs of the Bank A flip— 
flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have acommon clock. There are 18 inputs 
to the clock array. Four come directly from the 
input pins (with programmable polarity), 4 
inputs are from 4 NAND gates connected 
directly to the folded NAND array. 10 inputs are 
from the Q outputs of the JKFFs with clear. 
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SCAN TEST FEATURE 

With the rise in the ratio of devices on a chip to 
the number of I/O pins, Design For Testability 
is becoming an essential factor in logic design 
methodology. The PML2552 incorporates a 
variable length scan test feature which permits 
access to the internal flip—flop nodes without re- 
quiring a separate external 1|/O pin for each 
node accessed. Figure 2 (Scan Mode Opera- 
tion) shows how a scan chain is implemented 
through the 20 buried JKFFs and 16 output 
DFFs. Two dedicated pins, SCI (Scan In) and 
SCM (Scan Mode), are used to operate the 
scan test. The SCM pin is used to put the circuit 
inscan mode. When this pin is brought to alogic 
“1”, the circuit enters the scan mode. In this 


SCAN MODE OPERATION 


VOO 014 VO1 W013 


mode it is possible to shift an arbitrary test pat- 
tern into the flip—flops. The SCI pin is used to in- 
put the pattern. The inverted outputs of 
flip—flops DO -D 15 are observable on pins |/O0 
— 1/015. 


The following are features and characteristics 

of the device when in Scan Mode: 

1. CKE1 is the common scan-clock for all the 
flip—flops when in scan mode. CKE1 over- 
rides all clock resources of normal opera- 
tional mode. 


2. ThePreset(PR) and Clear (CL) functions of 
the flip—flops are disabled. 


3. Scan overrides the bypass fuse of the flip— 
flops. This means that all the bypassable 


VO2 012 VO3 WO11 04 1/010 


(COMMON CLOCK (CKE1) FOR ALL FLIP-FLOPS WHEN IN SCAN MODE) 
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DFFs remain intact during scan operation 
even though they may have been bypassed 
during normal operation. 


. To observe the SCAN data, the output buff- 


ers must be enabled by the Output Enable 
(tri—ctrl) terms. 


. The outputs of the flip—flops are complem- 


ented on pins 1/00 — 1/015. 


. All external inputs to flip—flops in the scan 


chain are disabled when the device enters 
the scan mode. 


. Blowing the security fuse does not disable 


the Scan Test feature. 
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Scan Test Strategy 

The scan test pattern is design dependent and 
the user must make considerations for Design 
For Testability (DFT) during the initial stages of 
the design. A typical test sequence is to pre— 
load (i.e., enter a state); revert to normal opera- 
tion (i.e., activate the next state transition); go 
back to scan mode to check the result. Note that 
the scan test feature available in the PML2552 
is a variable length scan chain. The DATA 
entered at SCI (JKCL9) can be accessed any- 
where between 21 clock cycles (at I/O0) to 36 
clock cycles (at 1/015). For the strategy 
discussed here, DATA is read out after 36 
clocks at 1/015 (i.e., 015). The following opera- 
tion sequence suggests a possible scan test 
method. 


A conservative test policy demands proof that 
the test facility is working. Thus, to prove Scan 
Chain holds and maintains correct data: 
a. Fill chain with several patterns (for ex- 
ample, all ones and all zeros). 


b. Retrieve same patterns. 


The user is responsible for managing an 
external test memory buffer for applied vectors 
and results, as part of the test equipment. 


1. Parallel readout of I/O0 — 1/015 is possible, 
but assume only 1/015 is used for this 
Strategy. 


2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output pin 
1/015 (i.e., SCOUT). The last DATA enter- 
ing the scan chain will be the content of 
JKCL9. Thus, the scan chain resembles a 
first-in—first—out shift register with inverted 
outputs (1/00 — 1/015). 


3. ‘Test Data’ is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter ‘Test Data’: 


a. Putdevice in Scan Mode by applying the 
scan control signals (SCM=1). 


b. Clock device with scan clock (CKE1). 
c. Apply consecutive serial test vectors. 


d. Read back results as new ‘Test Data’ 
(States) are applied. The first 36 outputs 
read at SCOUT (1/015) are random 


5. Toread result of the state transition, re—ent- 
er scan and apply the scan clock (CKE1). 
The result of the state transition in JKCL9 
will be available at SCOUT (1/015) after 36 
clocks. The results can be stored in a user 
defined test memory buffer in inverted logic 
representation. 


PML2552 


. As the results are being read and stored, 


new ‘Test Data’ can be entered via SCI. 


. Repeat for all test patterns of interest. 


. Figure 3 (FLOW_CHART) depicts a flow 


chart version of the test sequence. 


TEST INTEGRITY OF SCAN CHAIN. 
ASSUME 36-BIT SCAN CHAIN, 
IF LESS, SET COUNT = LENGTH -1. 


SET SCM=1 
SET COUNT = 35 


STORE IN TEST MEMORY! 


SELECT NEXT TEST DATA 
AND APPLY TO SCI 


YES - TESTIS ARMED 


(CHAIN IS FULL, 
TEST STATE ENTERED) 


SET SCM=0 
(NORMAL OPERATING MODE) 


APPLY SYSTEM CLOCK AND 
ANY EXTERNAL TEST VECTORS 


RESULT READY FOR OUTPUT 
ON NEXT 36 CLOCK CYCLES 
AS NEW TEST VECTOR IS LOADED 


(‘old’) data (e.g., remnant of Step 1). 


e. Apply 36 ‘Test Data’ until the chain is full. 
NOTE: 


4. To apply ‘Test Data’ (States), exit Scan 1. The first 36 outputs are random (‘OLD’) data. 


Mode and apply on system clock together Figure 3. FLOW CHART 
with any other possible test vectors. o 
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A Simple Example 

Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3—bit up counter. Our test vector will be a single 
clock applied to the counter. Suppose we wish 
to first check the State 5 (i.e., 101) to State 6 
(i.e., 110) transition, then the State 3 (i.e., 011) 
to State 4 (i.e., 100) transition. Assume the 
scan chain has been pre—verified and we may 
begin. 

Enter scan mode (set SCM=1)I apply 36 bits in 
sequence so that the value 107 (i.e., State 5) 
resides in the last three cells. Exit scan mode 
(set SCM=0) and apply a single clock to the 
counter. Now the value 110 (i.e., State 6) 
resides in the last three cells. Re-enter scan 
mode (set SCM=1) and read back 36 bits from 
position 1/015. Note that the outputs are com- 
plemented and are also read back in the 
reverse order. Therefore the value for STATE 6 
read at 1/015 will be 100 which is the comple- 
ment of STATE 6 (110) read in the reverse 
order. 


As this is being read back, apply a new state, 
serially equal to the value 077 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being 
read back at 1/015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will invoke 
the STATE 3 (i.e., 011) to STATE 4 (i.e., 100) 
transition. Re-enter scan mode and read 
back 36 bits at 1/015. The last three bits should 
contain 110which is the complement of State 4 
read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of 
this example. Note that the States will always 
be complemented and read back in the reverse 
at 1/015. Other sequences may be applied in 
the same manner. 


A possible alternative to this example is to read 
back the output states at I/O0 (DO) instead of 
1/015 (JKCL9). This will allow the outputs to be 
read back after 21 clock cycles rather than the 
36 used in the above example. 
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LOAD STATE 51N SCAN CHAIN 
SCM=1 


wats Oa OF cy ES a ES a 


JKCL9 JKCL8 JKCL7 JKCLE6 
STATE 5 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCL9 JKCL8 JKCL7 JKCLE6 
STATE 6 


APPLY 33 SCAN CLOCKS 


V014=0 013 =0 1012 =X 


D15 D14 D13 D12 
STATE 6 IN REVERSE ORDER (OUTPUTS COMPLEMENTED 


JKCL7 JKCLE6 


EXIT SCAN MODE (SCM = 0) 
AND APPLY COUNTER CLOCK 


ENTER SCAN MODE 
(SCM = 1) 


JKCL9 JKCL8 JKCL7 JKCL6 
STATE 


1 1 1 D12 
STATE 4 IN REVERSE ORDER (OUTPUTS COMPLEMENTED 


Figure 4. SCAN EXAMPLE 
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POWER DOWN 

The PML2552 offers the user controlled capa- 
bility of putting the device to “sleep” where pow- 
er dissipation is reduced to very low levels. 
When brought to a logic “1”, the PD pin freezes 
the circuit while reducing the power. All data is 
retained. This not only includes that of the 
registers, but also the state of each foldback 
gate. For those cases where it is desirable to 
3—State the outputs, that can be accomplished 
by raising the SCI pin to a logic “1”. 


There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause a 
disruption of the data. All clocks must be frozen 
before the circuit goes into power—down and 
stay that way until it powered back up. Clocks 
that are internally generated and feed the clock 
array are automatically stopped by the power— 
down circuitry. Any other input can toggle with- 
out any loss of data. 


NOTE: 

1. During power down, external clocks 
(CKA, CKB/CKC, CKE1, CKE2) should 
not change. 

2. SCM must be “0” as in normal operation 
mode. 

3. External clock recovery time (low—to— 
high) is 6Ons (high-speed) and 70ns 
(standard) after the device is powered up. 

4. Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 


DASH is a trademark of Data I/O Corporation. 
OrCAD is a trademark of OrCAD, Inc. 


DEVELOPMENT TOOLS 

The PM2552 is supported by the Signetics 
SNAP software development package and a 
multitude of hardware and software develop- 
ment tools. These include industry standard 
PLD programmers and CAD software. 


SNAP 


Features 
® Schematic entry using DASH™ 4.0 or 
above or OrCAD™ SDT Ill 


® State Equation Entry 
® Boolean Equation Entry 


® Allows design entry in any combination 
of above formats 
® Simulator 
— Logic and fault simulation 
— Timing model generation for device 
timing simulation 
— Synthetic logic analyzer format 


® Macro library for standard PML2552 and 
user defined functions 


® Device independent netlist generation 


@ JEDEC fuse map generated from netlist 
SNAP (Synthesis, Netlist, Analysis and Pro- 
gram) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 


IBM is a registered trademark of International Business Machines Corporation. 
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powerful modules that make designing with 
PML simple. The SNAP environment gives the 
user the freedom to design independent of the 
device architecture. 


The flexibility in the variations of design entry 
methodologies allows design entry in the most 
appropriate terms. SNAP merges the inputs, 
regardless of the type, into a high—level netlist 
for simulation or compilation into a JEDEC 
fuse map. The JEDEC fuse map can then be 
transferred from the host computer to the 
device programer. 


SNAP's simulator uses a_ synthetic logic 
analyzer format to display and set the nodes of 
the design. The SNAP simulator provides 
complete timing information, setup and hold— 
time checking, plus toggle and fault grading 
analysis. 


SNAP operates on an IBM® PC/XT, PC/AT, 
PS/2, or any compatible system with DOS 2.1 
or higher. A minimum of 640K bytes of RAM is 
required together with a hard disk. 


DESIGN SECURITY 

The PML2552 has a programmable security 
fuse that controls the access to the data pro- 
grammed in the device. By using this program- 
mable feature, proprietary design implemented 
in the device cannot be copied or retrieved. 
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DC ELECTRICAL CHARACTERISTICS 0°C «< Ta < +75°C, 4.75V < Voc < 5.25V 


SYMBOL PARAMETER TEST CONDITIONS | Min =| Typt | Max =| UNIT 


Input voltage 


Vit Low Voc = Min 0.3 0.8 Vv 
Vig High Voc = Max 2.0 Voo+0.3] V 


Output voltage 


OO 2 
V 


: Vec = Min, lon = —-2mA 
V 
Voc = Min, lou = ~201A 


he Low VIN = GND pA 
Ny High Vin = Voc HA 


Output current 


fe fee |e 
Vou = GND 


Voc supply current Voc = Max, No load CMOS input? 
f = 1MHz TTL input? 

Standby Vcc supply current Voc = Max, No load CMOS input 
PD = Vin TTL input 


Capacitance 


Cin Input Voc = 5V, Ta = +25°C, Vin = 2.0V 
Cg /O Voc = 5V, Ta = +25°C, Vic = 2.0V 
NOTES: 


1. All typical values are at Vec = 5V, Ta = +25°C. 
2. CMOS inputs: Vy. = GND, Vin = Voc. 
3. TTLinputs: Vy. = 0.45V, Viy = 2.4V. 


TEST LOAD CIRCUITS VOLTAGE WAVEFORMS 


+3.0V———— 


INCLUDES SCOPE 
AND JIG 
CAPACITANCE 


tR te 


MEASUREMENTS: 
All circuit delays are measured at the +1.5V level of 
inputs and outputs, unless otherwise specified. 


NOTE: 


Test Load R,; = 750Q, Ro = 442Q, C, = 30pF (C, = 5pF for Output Disable) 
O°C < Ty 2 475°C, 4.75V < Voc < 5.25V 


Input Pulses 
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MACRO CELL AC SPECIFICATIONS Min: 0°C, 5.25V; Typ: 27°C, 5.0V; Max: 75°C, 4.75V 


SNAP Resource Summary Designations in Parentheses) 


Input Buffer 
(DIN552, NIN552, BDIN55, BNIN552 
CDIN552, CNIN552, CKDIN552, CKNIN552) 


| PARAMETER 
SYMBOL HIGH-SPEED STANDARD 
coe pe Poe fe La 
PHL 
tPLH X 
tPHL Y 
tPLH bg 
Input Pins: 8-14, 16, 17, 20, 22-24. 


Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 


Internal NAND of Main Array 
(FBNAND, NAND) 


>> 


| PARAMETER 
| 
teHL 12 25 
pe LY Pe Ls Pee ye] ep | oe 


Internal NAND of Clock Array 
(NAND) 


> 


| PARAMETER | 
eee) Cte | mex | wm | tm | wor 
pe Ty Te epee pe] fe] es 
tPLH 10 
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MACRO CELL AC SPECIFICATIONS (Continued) Min: 0°C, 5.25V; Typ: 27°C, 5.0V; Max: 75°C, 4.75V 


(SNAP Resource Summary Designations in Parentheses) 


3—State Output with Programmable Polarity 
(TOUT552 + EXOR552) 


Tri—Ctrl 


In 


Programmable ——Z2-” 


PARAMETER LIMITS 
SYMBOL To 
(Output) 


Bidirectional Pins: 46—48, 50-54. 


/O Output Buffer with 3—-State Control, DFF Bypassed 
(TOUT552 + NAND) 


Tri-—Ctri 


PARAMETER 
SYMBOL To 
(Output) 


I/O Pins: 1-3, 5-7, 57-64, 67, 68. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP 


Output DFF Used Internally 
(ODFF552) 


LIMITS 
SYMBOL PARAMETER HIGH-SPEED STANDARD UNIT 


PARAMETER LIMITS 
SYMBOL From HIGH-SPEED <a UNIT 
tnpuy | (Outpn tye [wer | win 


teLH CKE T 12 20 7.5 
tPHL CKE T 12 20 7.5 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
D FLIP-FLOP (Continued) 


Input and Output 
(IDFF552 & ODFF552) 


BFAy 


Qo, represent previous stable condition of Q, O. 


LIMITS 
SYMBOL HIGH-SPEED STANDARD 


Cain 
er ee 
wom crscxe Heh | 0 
ee a 
er ee 


PARAMETER 
SYMBOL 


To 
| | ee 
teLH CKA, CKB/CKC T Qd 4.5 
teHL CKA, CKB/CKC T Q,0 4.5 


November 1989 408 


—- 


Signetics Programmable Logic Devices Preliminary Specification 


Programmable Macro Logic PML2552 


MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 
JK FLIP-FLOPS 


(JKPR552) (JKCL552) 


INPUTS OUTPUTS INPUTS OUTPUTS 
L 


LIMITS 
SYMBOL PARAMETER HIGH-SPEED STANDARD 


z 
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5 
LIMITS 
SYMBOL PARAMETER High-Speed 
Scan mode operation’ 


sus | Sanvows SOW Sapine ———SSCSCS~C~—S Td 
A 
A 
Cin | BatinpaSonvowine i 
a OO 
a 
Pex | Oeektw 8 is 
NN 
OO 
Ta | Powerpmmmyine SP 
ru | Owpitnoaine SSS 
Pts | Input setup time before Power Up | 20 | | ots 
| toe | SCI to Output Enable time? FT 0 ons 
| top _| SCI to Output Disable time? 


Power Down setup time 


—_ 
oO 
oO 


Power Up to Output valid 


Power—on reset 


Power-on reset output register (Q = 0) to output (I/O) delay 


| oere Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 


to output (B, bypassed I/O) delay 


NOTE: 

1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 

2. Timings are measured without foldbacks. 

3. Transistion is measured at steady state High level (-SOOmV) or steady state Low level (+500mV) on the output from 1.5V level on the input 


with specified test load (R; = 750Q, Re = 442Q, C, = 5pF). This parameter is sampled and not 100% tested. 
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TIMING DIAGRAMS 


1, BYPASSED I/DA, I/DB, I/O, B 


be | 4 
VOH 
B, /O 1.5 HIGH 1.5V 
IMPEDANCE 


VoL 


foo oc 


+3V 
SCli / 5V \ 1.5V 
OV 


Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 


|, BYPASSED I/DA, DB, V0, B ee rere’ 


DON’T CARE 


UNCERTAI 


Power Down, Power Up 
Input (new) Ready After Power Up 


|, BYPASSED I/DA, I/DB, 1/0, B A 


“A OOK) 
ued to 


1.5V 


Power Down, Power Up 
Input (new) Ready Before Power Up 


Power—On Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 


1/08 - 1/015 


00 - 1/07 


_BMINSS? 
a ae 
a 
cans eens 
a 
ae aad 
a 
J 
a haa 
care aaa 
a 
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Part Number 


PLHS18P8/BRA 
PLHS18P8/BSA 
PLHS501/BXA 
PLS159A 
PLUS16L8/BRA 


PLUS16L8/BSA 
PLUS16L8/B2A 
PLUS 16R8/BRA 
PLUS16R8/BSA 
PLUS16R8/B2A 


PLUS20L8/BLA 
PLUS20L8//BKA 
PLUS20L8/B3A 
PLUS20R8/BLA 
PLUS20R8/BKA 


PLUS20R8/B3A 
PLUS405/BXA 
PLUS405/BYA 
PLUS405/B3A 
PLS167/BLA 


PLS168/BLA 
PLS173/BLA 
PLS179/BLA 
PLHS473 

82S100/BXA 


82S100/BYA 
82S100/B3A 
82S101/BXA 
82S101/BYA 
82S101/B3A 


82S105/BXA 
82S105/BYA 
82S105/B3A 
82S153A/BRA 
82S153A/BSA 


82S153A/B2A 


* Not available as a Class B standard product. See M38510 and/or Military Drawing columns for availability 


Device 
Description 


PAL 
PAL 


GATE ARRAY 


PLS 
PAL 


PAL 
PAL 
PAL 
PAL 
PAL 


PAL 
PAL 
PAL 
PAL 
PAL 


PAL 
PLS 
PLS 
PLS 
PLS 


PLS 
PLA 
PLS 
PLA 
PLA 


PLA 
PLA 
PLA 
PLA 
PLA 


PLS 
PLS 
PLS 
PLA 
PLA 


PLA 


Package 
Description 


20DIP3 
20FLAT 
64DIP9 
20DIP3 
20DIP3 


20FLAT 
20LLCC 
20DIP3 

20FLAT 
20LLCC 


24DIP3 
24FLAT 
28LLCC 
24DIP3 
24FLAT 


28LLCC 
28DIP6 
28F LAT 
28LLCC 
24DIP3 


24DIP3 
24DIP3 
24DIP3 
24DIP3 
28DIP6 


28FLAT 
28LLCC 
28DIP6 

28FLAT 
28LLCC 


28DIP6 
28F LAT 
28LLCC 
20DIP3 
20FLAT 


20LLCC 
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M38510/ 


50202 


50202 
50202 
50201 
50201 
50201 


** A = available, NA = not available, IP = in process, call for availability. 
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JB** 


NA 


JS** 


NA 
NA 
NA 
NA 


NA 
NA 
NA 
NA 
NA 


NA 
NA 
NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 


NA 
NA 
NA 
NA 
NA 


NA 
NA 
NA 
NA 
NA 


NA 


Standard 
MiL—Drawing 


5962-872801RA 
5962-872801SA 
PLANNED 
PLANNED 
5962-8515509RA 


5962-8515509SA 
5962-85155092A 
5962-8515510RA 
5962-8515510SA 
5962-85155102A 


5962-8767105LA 
5962-8767105KA 
5962-87671053A 
5962-8767106LA 
5962-8767106KA 


5962-87671063A 
PLANNED 
PLANNED 
PLANNED 
PLANNED 


PLANNED 
5962-8850402LA 
5962-8850701LA 
PLANNED 


5962-8670901XA 
5962-8670901 YA 
5962-86709013A 
5962-8768201RA 
5962-8768201SA 


5962-87682012A 


MiL—Drawing 
Status** 


A 
A 
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> 
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SOFTWARE SUPPORT FOR 

USER PROGRAMMABLE LOGIC 
Computer Aided Design (CAD) support is 
becoming necessary to address the time- 
consuming details required by the more 
complex programmable logic devices 
available today. The design effort can in- 
clude the manipulation of Boolean equa- 
tion, truth tables, state diagrams, 
flowcharts etc., to create the binary fuse 
map required to program such devices. 


For many years, design engineers have 
used programmable read-only memories 
(PROMs) to replace conventional logic. 
The architecture of the PROM can be de- 
scribed as a programmable logic device 
containing a fixed AND array followed by 
a programmable OR array. The fixed 
structure of the PROM requires a full 
assignment of output words to be pro- 
grammed for every input combination. 
Therefore, little use can be made of 
programmable logic software programs 
for logic minimization or other compiling 
efforts when using PROMs. 


Signetics Programmable Logic Devices 
are the most advanced approach to solv- 
ing the inherent limitations of PROMs. 
Their architecture consists of a program- 
mable AND array, followed by a pro- 
grammable OR array — with the addition 
of a programmable invert function for 
flexible output control. 
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Programmable Logic 
Development Software 


A Signetics PLD device can implement 
any set of Boolean expressions, provided 
that they are first put into the standard sum 
of the products form. The logical ANDs are 
implemented at the first gate level of the 
programmable logic device and the logical 
ORs are implemented by the second gate 
level within the PLD. The only limitations 
on the expressions are those imposed by 
the number of inputs, outputs, and internal 
product terms provided by the particular 
PLD circuit selected. The efficiency of im- 
plementing the set of equations can be 
increased significantly by applying De- 
Morgan’s theorem, and utilizing the pro- 
grammable invert function on each output. 


If there seems to be too few product terms 
to handle a relatively large equation set, 
one of several minimization methods can 
be pursued. 


The probability of reducing such equa- 
tions to manageable size is enhanced 
through the flexibility of shared AND terms 
for each output function, the accessibility 
of all AND terms to each output, and hav- 
ing a programmable invert function on 
each output. All of these features can be 
utilized by applying the manual manipula- 
tion of Venn Diagrams or Karnaugh Maps. 
However, the time and effort to accom- 
plish these tasks as well as document the 
effort for procurement specification pur- 
poses increase the need and desire to 
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have software programs to automatically 
perform such manipulations. 


Many types of software programs are be- 
ing developed to provide this assistance 
for operation on a wide range of computer 
hardware. This list of software is expand- 
ing rapidly, consisting of both Signetics 
generated software and some indepen- 
dent software houses’ contributions. 


This discussion is intended to outline the 
Signetics developed software program 
called AMAZE (Automatic Map And Zap 
Equation Entry). The AMAZE software 
program currently consists of five mod- 
ules, BLAST (‘Boolean Logic And State 
Transfer’ entry program), PTP (‘PAL To 
PLD’ conversion program), DPI (‘Device 
Programmer Interface’ program), PLD 
SIM (‘PLD Simulator’ program) and the 
PTE (‘Program Table Editor’ program). 
Other modules will be added when prod- 
uct developments require additional soft- 
ware tools. 


It must be noted that the AMAZE program 
is not by any means the total extent of soft- 
ware available for use in designing with 
PLD (Programmable Logic Devices). 
Severalothercommercially available PLD 
Design Software packages support 
Signetics’ PLD product line. Please con- 
tact your local Signetics representative for 
the latest word on the most currently avail- 
able software. 
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AMAZE 


AMAZE Version 1.8 


Description 

The AMAZE software program Automatic Map 
And Zap Equation Entry software, consists of 
the following five modules: 


® BLAST (‘Boolean Logic And State 
Transfer’ entry program) 


© PTE (‘Program Table Editor’) 
@ PTP (‘PAL To PLD’ conversion program) 


® DPI (‘Device Programmer Interface’ 
program) 

® PLD SIM (‘PLD Simulator’ program) 

Each module performs specific tasks as out- 

lined in the following section. 

Features 


® Multiple modules allowing expansion 
for future requirements 


© Each module designed to be user 
friendly 


© Both HELP and ERROR messages 


© Document printout: Header, Pin 
diagram, Boolean equation and Fuse 
map 


® Interface with most commercial 
programmers 


© SIMULATOR programs provide 
applications assistance and Automatic 
Test Vector Generation 
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Equipment Requirements (for 
Version 1.8) 
® Platform 1: IBM-PC, XT, AT, PS-2 and 
compatibles 
— Memory: Minimum of 640K bytes 
— Operating system: PC-DOS version 
2.1 or higher 


— Disk Drive: One hard disk drive and 
one double sided floppy disk drive 
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Products Supported 
AMAZE Version 1.8 supports the following 
products: 


20—Pin PLDs 


PHD16N8 
PLC18V8Z/I 
PLHS16L8A/B 
PLHS18P8A/B 
PLS153 
PLS153A 
PLUS153B 
PLUS153D 
PLUS16L8 
PLUS16R4 
PLUS16R6 
PLUS16R8 
PLS155 
PLS157 
PLS159A 


24—Pin PLDs 


PLC42VA12 
PLHS473 
PLS167 
PLS167A 


PLS168 
PLS168A 
PLS173 
PLS179 
PLUS20L8 
PLUS20R4 
PLUS20R6 
PLUS20R8 
PLUS173B 
PLUS173D 
10H20EV8/10020EV8 


28-Pin PLDs 


PLCO415 
PLS100 
PLS101 
PLS105/A 
PLUS105—40 
PLUS405 


52-Pin PLDs 
PLHS501 


Signetics Programmable Logic Devices 
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AMAZE 


BLAST 

Boolean Logic And State Transfer program is 
a menu driven software package that supports 
the engineer in implementing logic designs into 
Signetics Programmable Logic Devices. It 
checks design data and automatically compiles 
a program table from Boolean and State Ma- 
chine equations. Data from the program table 
is then used to produce a Standard File which 
contains the fusing codes in a form acceptable 
to all the AMAZE modules (i.e., PLD-SIM and 
DPI). 


BLAST reports the logic and syntax errors, and 
lists the equations in a Sum of Products form, 
which can help the user to minimize the entered 
logic equations. It will automatically partition 
State machine designs into specified devices, 
and then delete redundant terms during compi- 
lation. 


BLAST also provides the capability of modify- 
ing a current logic set programmed into a de- 
vice by overlaying new data onto unused fuses. 


BOOLEAN LOGIC AND STATE 
TRANSFER FEATURES 


® User friendly interactive pinlist editor 
® Boolean equation or state vector entry 


® Schematic entry (with external 
schematic capture package)** 


® On-line error checking, minimization, 
and design overlay 


® Capable of partitioning single designs 
into multiple PLDs 


® Supports all Signetics PLDs and PLEs 


® User definable device files for support 
of PALs and other PLD devices 


PTE 

Program Table Entry is an interactive editor 
which allows the logic designer to enter data 
into AMAZE in the form of SIGNETICS 
APPROVED PROGRAM TABLES. Each 
Signetics PLD data sheet has the program 
table format which applies to that device. In 
addition, PTE can be used to document com- 
pleted designs and to make changes in logic 
functions which have been previously defined 
in the BLAST module. 


PROGRAM TABLE EDITOR 
FEATURES 


® Allows easy creation and editing of new 
and existing PLD designs 


© Truth-table representation of PLD 
fusemap in High./Low format 


® On-line editor provides automatic 
cursor control and prevents syntax 
errors 


® On-line help screen and print facility 


® Operates on standard PLD fusemap 
files 


PTP 
PAL To PLD is a conversion program to allow 
easy transfer of the various PAL 20— and 
24—pin circuits to the Signetics PLD 20— and 
24—pin series devices. 


PTP can automatically upload the PAL pattern 
from a Commerical programmer, convert the 
pattern into a PLD pattern, and then download 
the PLD pattern into the programmer. The PAL 
pattern and it’s corresponding PLD pattern are 
documented, and the PLD pattern can be 
directed to other AMAZE modules. 


PTP can also convert the PAL fuse file in a 
HEXPLOT format. 


PAL-TO-PLD CONVERSION 
FEATURES 


® Menu-driven fusemap conversion of 20—- 
and 24-pin PAL devices to pin and 
functional equivalent Signetics PLDs 
and PAL-type devices 


© Automatic assembler removes 
duplicated p-terms providing efficient 
PLD mapping (PLD conversions only) 


® Accepts JEDEC, fuseplot files or direct 
PAL master input via commercial PLD 
programmer 


® User selectable RS-232 programmable 
interface parameters 


® Provides fusemap conversion 
documentation 


® Generates standard PLD fusemap files 
compatible with other AMAZE modules 


The PTP module supports the conversion of 
the following device types: 


10H8, 10L8, 12H6, 12L6, 
cin 14H4, 14L4, 16H2, 16L2, 
16C1. 16H8, 16L8, 16P8 


14L8, 16L6, 18L4, 20C1, 
PLS173 20L2, 20L8 


PLS173 12L10, 20L10 
PLS179 20R8 


Signetics also provides a stand-alone version 
of the PTP module, SimPal, which supports the 
conversion of PAL device fuse maps into equiv- 
alent Signetics PAL-type PLDs. 


(“*AMAZE accepts TTL schematics generated with DATA-l/O FUTURENET DASH and OrCAD's OrCAD STD design software packages.) 
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DPI 

Device Programmer Interface is the software 
module that provides the interface between the 
Standard File created by the AMAZE modules 
and a commercial programmer. This module 
allows both download (sending from host to 
programmer) and upload (sending from pro- 
grammer into the host) operations. 


DPI supports both JEDEC and Signetics High/ 
Low formats to convey fusing information to 
and from several commercial programmers. 


DEVICE PROGRAMMER 
INTERFACE FEATURES 


® Supports standard JEDEC and 
Signetics High/Low fusemap file 
formats 


® RS-232 interface to commercial PLD 
programmers 
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® Screen menus for easy upload and 
download of fusemaps 


® User selectable RS-232 parameters for 
programmer flexibility 


® Test vectors automatically transferred 
to programmer along with fusemap file 


® Operates with standard PLD fusemap 
files 


PLD SIMULATOR 

The PLD Simulator program is a software 
package that simulates the operation of the 
logic that has been defined for Signetics PLD 
products. The input to the program is the Stan- 
dard File generated by other AMAZE modules. 
The simulator has the capability of running 
manually or automatically. In the automatic 
mode the simulator creates a file of test vectors 
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that can be used to test the programmed 
devices. In the manual mode the program will 
allow the operator to assign an input vector and 
observe the resultant output. 


PLD FUNCTIONAL SIMULATOR 
FEATURES 


® Functional simulation of designs 
created form equations, program tables 
or existing programmed devices 


® Automatic test vector generation from 
standard or JEDEC PLD fusemap files 


® Interactive keyboard entry or batch file 
input of test vectors 


® Detects illegal State Machine transitions 
and flags affected p-terms 


® On-line help screen 


signetics SNAP 
Programmable Logic 


Development Software 


Programmable Logic Devices 


INTRODUCTION sign. The initial offering is depicted in (PML) design. While other sequences 
Philips Components—Signetics SNAP Figure 1.1. This chart depicts the recom- may be used, the first-time user will most 
software is designed to provide the pre- mended sequence of operations forcom- likely obtain the best results by following 
cise tools needed to complete aPLD de-_ pleting a Programmable Macro Logic steps 1-9. 


WAVEFORMS (1) ScCAPTURE BOOLEAN STATES 
)NETWAVE EDITOR (2) NETGEN NETCONV STATECONV 


Af en an rn ec renee 


(4) SIMNET COMPILER 
TESTVECTOR (5) SIMSCL 


(7) 


(6) 
SIMPRT PLOT 


Figure 1.1 SNAP Software Flow (SHELL) 
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Step 1 

Step [1], ScCAPTURE, is the design entry. This 
may be accomplished in a number of ways, but 
the most popular today is schematic capture. 


SNAP supports OrCAD/SDT III™ and SNAP- 


DASH™ from FutureNet. Current methods of 
entry include Boolean equations, state equa- 
tions, timing waveforms and manual netlist 
editing. The goal of Step 1 is to create a netlist 
description of a logic design which can be un- 
derstood by the rest of SNAP. 


Step 2 

Step [2], NETGEN, is essentially automatic in 
that all netlist generation or conversion mustbe 
in a consistent format. The converted netlist is 
EDIF1.0 compatible. 


Step 3 

Step [3], MERGER, allows design pieces from 
different inputs to merge into a single netlist 
description. In theory, one section could be in- 
put by schematic capture, another by Boolean 
equation and another by state equation, etc. A 
composite netlist for all of these would be the 
output of MERGER. 


Step 4 
Step [4], SIMNET, is the preferred next step— 


OrCAD/STD III is a trademark of OrCAD, Inc. 
FutureNet and DASH are trademarks of DATA I/O, Inc. 
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to verify the design by simulation. The bold de- 
signer could proceed to Step 8 and a final 
device, but if any problem occurs, Step 4 must 
be used to debug. In SIMNET, a binary format 
of the design will be generated for the logic and 
fault simulators. During this step the original 
netlist is translated into simulator primitives. 


Step 5 

Step [5], SIMSCL, reads the input vector (sti- 
muli description), loads the network into 
memory and executes the logic/timing simula- 
tion. SIMFLT is an alternate simulation that 
gives a fault coverage assessment of the simu- 
lation. This tells the designer (in numbers) just 
how rigorous the simulation testing of the circuit 
is. A complete fault reprot is generated. 


Step 6 

Step[6], PLOT, allows a waveform display of 
selected nodes within the design so that its 
creator may observe the circuits modeled be- 
havior. 


Step 7 
Step[7], SIMPRT, produces hardcopy of the 
various simulation reports for documentation. 


The designer should iterate through Steps 4 — 
7 until satisfied that correct operation is occur- 
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ring. Only if it is should the designer proceed 
to Step 8. 


Up to this point, the design is not bound to a 
specific Signetics part. In fact, the design could 
span multiple parts, or be migrated from one 
PLD to another, with only small effort. 


Step 8 

Step [8], COMPILER, is where the target part 
is chosen and a fuse table produced. The fuse 
table can then be manually edited or pro- 
grammed into a part, as the designer chooses. 
However, one last action can help guarantee a 
successful final design: Post-compiled model 
generation. 


Step 9 

Step [9], MODGEN, takes the fusemap from 
the selected part and outputs a simulation mod- 
el that reflects the precise models of the internal 
logic for the target PLD. Once this is done, 
Steps 5 — 7 may be repeated to verify conclu- 
sively that the design will work. If a problem is 
found, the designer may edit to debug the 
design. The final compilation will yield a pro- 
grammed part that meets the designer's simu- 
lated specifications. 


signetics 
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FEATURES 

® Schematic entry available using 
Data I/O SNAP—DASH™* or 
OrCAD SDT IlI™ 


® State equation entry 
® Boolean equation entry 
® Netlist entry 


© Capability to design in one or any 
combination of formats 


® Device independent, netlist based 
design platform 


@ Full support for the PML product 
line 

© Philips LESIM 5—State gate array 
simulator: 
— Logic and fault simulation 
— Model extraction and timing sim- 

ulation 

— Synthetic logic analyzer format 
— Stimuli entry in waveform format 


@ Freezing of selected Critical paths 
© Cell library for PML functions 


® Capability to create user defined 
macros 


© Full documentation of design and 
simulation results in waveform for- 
mat 


e JEDEC fusemap compiler and 
device programmer interface 


GENERAL DESCRIPTION 

Signetics SNAP (Synthesis Netlist 
Analysis & Program) software has been 
developed to support the Signetics PLD 
product line. This release of SNAP (Ver- 
sion 1.2) supports the PML family of pro- 
grammable logic devices. Future versions 
of SNAP will support additional PLD de- 
vices until the full product line is covered. 


* Under development for future releases. 


ONAP 


Version 1.2 


Specifications 


The software gives freedom to design in- 
dependently of the device architecture. 
This allows for shifting the design among 
afamily of PLD devices. SNAP can handle 
a variety of design entry formats: sche- 
matics, Boolean equations, state equa- 
tions, waveforms’, and netlists in any 
combination. The SNAP environment is 
familiar to logic designers who have 
worked with any type of PLD or gate array 
development software. Since the software 
is netlist based, it overcomes the limita- 
tions facing conventional PLD develop- 
ment software. 


Figure 1 shows the SNAP Shell. The top 
part of the shell indicates the paths avail- 
able for entering the design. The user can 
enter a design using any single method or 
any combination of methods. Thus, func- 
tions can be described in the most appro- 
priate terms. For instance, schematics 
may be the best way of describing a shift 
register, and logic equations may be the 
optimum way for describing a decoder. 
Additionally, these designs can be united 
with a multiplexer, which is described by a 
netlist. Then SNAP merges the inputs into 
a high-level netlist for simulation and 
compilation into a JEDEC standard fuse 
map. For future universal workstation 
compatibility, the software supports the 
standard EDIF interface. 


Simulator 

SNAP incorporates Philips’ 5—State gate 
array simulator, and provides the capabili- 
ties of full timing simulation, setup and 
hold—time checking, as well as toggle and 
fault grade analysis. The simulator is ca- 
pable of displaying any set of nodes within 
a design in a wide range of formats. Using 
a synthetic logic analyzer the user can 


SNAP-DASH is a trademark of Data I/O Corporation 


OrCAD STD lil is a trademark of Or/CAD, Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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zero inon aspecific area. Simulations can 
occur with unit delays, estimations, or ex- 
act delays. The test vectors can be en- 
tered in waveform or ‘H’ and ‘L’ format. 


In order to provide accurate timing analy- 
sis, SNAP calculates the final timing val- 
ues as determined from the additive delay 
of each gate and I/O macro in a path. To 
assure the reliability of a design, the fault 
simulator determines the fault grade level 
and undetectable faults. This results in 
simulation data that conforms exactly to 
the characteristics of the actual device. 


Compiler/Optimizer 

SNAP also contains a fusemap compiler 
and model generator. The model genera- 
tor extracts and creates the timing models 
of the specified device. These models are 
generated for timing and fault simulation. 
The compiler is also capable of optimizing 
the device to the architecture of the PLD 
selected for the design. For example, if a 
flip-flop macro is selected, the optimizer 
will design the macro from NAND gates for 
the PLHS501 (which lacks die—based flip— 
flops). Alternatively, an internal die—based 
flip—flop is used for a device with flip—flops 
such as the PLHS502. The software con- 
tains extensive syntax and logic error 
checking, and allows for documentation of 
the design and simulation results. 


HARDWARE SPECIFICATIONS 


e IBM® Personal System/2™, IBM PC/ 
XT/AT, or compatibles 


e DOS 2.1 or higher 
e Minimum of 640K bytes of RAM 


e 5.25” or 3.5” double-sided, double— 
density disk drive, and a hard drive. 


Signetics Programmable Logic Devices 


Specifications 


SNAP Software Version 1.0 


SNAP 


BOOLEAN STATES 


NETCONV STATECONV 


COMPILER 


Figure 1. SNAP Shell 


ORDERING INFORMATION" 


November 1989 428 


PLD Programmer 
Reference Guide 


Signetics 


Programmable Logic Devices 


Data I/O Corporation 

10524 Willows Road, N.E. 
Redmond, Washington 98073-9746 
Telephone Number: (800) 247-5700 


MODEL 60 
ADAPTER REVISION 


UNISITE 


ADAPTER 
REVISION 


MODEL 29B 


ADAPTER REVISION SYSTEM 


REVISION 


SYSTEM 
REVISION 


SIGNETICS 
PART NUMBER 


PHD16N8 
10H/10020EV8 
PLC16V8 
PLCO18V8Z 
PLC20V8 
PLHS16L8 
PLHS16L8 
PLHS18P8 
PLHS18P8 
PLUS16L8 
PLUS16R8/R6/R4 
PLUS20L8 
PLUS20R8/R6/R4 
PLC153 
PLC473 
PLHS153 
PLHS473 
PLS100/1 
PLS100/1 
PLS153/A 
PLS153/A 
PLS173 
PLS173 
PLUS153B 
PLUS173B 
PLC415 
PLS105/A 
PLS105/A 
PLS105/A 
PLS105/A 
PLUS105—40 
PLS155 
PLS155 
PLS157 
PLS157 
PLC42VA12 
PLS159A 
PLS159A 
PLS167/A 
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TBD 
14013B 
863B 
864F 
864E 
1A17 
3D17 
1A33 
3D33 
1B17 
1B24 
1B26 
1B27 
8665 
8678 
1A65 
1A78 
9601 
9661 
9665 
9665 
9676 
9676 
1B65 
1B76 
86AA 
9603 
9603 
9663 
9663 


DIP 
303A-011A;V11 


303A-011A;V05 
303A-011A;V09 
303A-011A;V06 
303A-012;V02 
303A-011A;V09 
303A-012;V01 
303A-011A;V09 
303A-011A;V08 
303A-011A;V08 
303A-011 A;V08 
303A-011 A:V08 
303A-011 A;V05 
303A-011A;V02 
303A-012;V02 
303A-012;V02 
303A-001 ;V01 
303A-001 ;V05 
303A-011 A;V02 
303A-001 ;V05 
303A-011A;V02 
303A-001 ;V06 
303A-011 A;V07 
303A-011A:V07 
303A-011A;V10 
303A-011A;V02 
303A-001;V01 
303A-001 ;V05 
303A-011A;V02 
303A-011A;V09 
303A-011A;V02 
303A-001 ;V05 
303A-001 ;V05 
303A-011 A:V02 
TBD 
303A-011A;V02 


303A-011A;V02 


PLCC 


303A-011B:V03 
303A-011B;V04 
303A-011B;V03 


303A-011B;V04 
303A-011B;V04 
303A-011B:V04 
303A-011B:V04 
303A-011B;V04 
303A-011B;V03 
303A-011B;V03 


303A-011B:V02 
303A-011B:V02 
303A-011B;V02 
303A-011B;V02 
303A-011B;V03 
303A-011B:V03 
303A-011B:V04 
303A-011B;V02 
303A-011B:V02 
303A-011B;V02 
303A-011B:V02 
303A-011B:V04 
303A-011B;V02 
303A-011B;V02 
303A-011B;V02 
303A-011B:V02 
TBD 

303A-011B:V02 


303A-011B;V02 
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DIP 


PLCC 


TBD 
CPSITE;V2.7 
CPSITE;V2.4 
TBD 
CPSITE;V2.4 
CPSITE;V2.1 


CPSITE;V2.5 
CPSITE;V2.5 
CPSITE;V2.5 
CPSITE;V2.5 
CPSITE;V2.4 
CPSITE;V2.4 
CPSITE;V2.5 
CPSITE;V2.4 


CPSITE;V1.7 
CPSITE;V2.3 
CPSITE;V2.3 


CPSITE;V1.5 
TBD 
CPSITE;V2.4 


CPSITE;V1.5 


DIP 


PLCC 
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(CONTINUED) 


Data I/O Corporation 

10524 Willows Road, N.E. 
Redmond, Washington 98073-9746 
Telephone Number: (800) 247-5700 


PLS167/A 
PLS168/A 
PLS168/A 
PLS179 
PLUS405 
PLHS501 
PLHS502 
PML2552 


NOTES: 


MODEL 29B 


SIGNETICS DEVICE ADAPTER REVISION 
PART NUMBER CODE 


DIP 


303A-011A;V02 
303A-001 ;V06 

303A-011A;V02 
303A-011A;V07 


PLCC 


303A-011B;V02 
303A-011B;V04 


UNISITE 


SYSTEM ADAPTER SYSTEM 
REVISION REVISION REVISION 


DIP PLCC 


CPSITE;V2.4 
CPSITE;V2.6 
CPSITE;V1.7 


1. The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 


2. FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a “O” for PLCC packages. 
Pin codes listed above (the last two digits) must be preceeded with a “7” for PLCC packages. 


3. ***Needs a 40-Pin DIP to 68—Pin PLCC adaptor available from 
Emulation Technology 

Part Number: AS-68—-40-01 P-6 

****Needs a 40-Pin DIP to 68—Pin PLCC adaptor that is available from 
Emulation Technology. 

Part Number: AS-68—40—04P-6 


4. DEVICE CODE: 
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EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Blvd. D 
Santa Clara, California 95051 


Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 
XXYY 

XX = FAMILY CODE 

YY = PIN CODE 
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MODEL 60 
ADAPTER REVISION 
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Stag Micro Systems, Inc. 


Western Area: Eastern Area: 

1600 Waytt Drive, Suite 3 3 Northern Blvd., Suite B4 
Santa Clara, CA 95054 Amherst, NH 03031 

(408) 988-1118 (603) 673-4380 


DEVICE CODES MODEL ZL30 MODEL ZL30A MODEL PPZ: ZM2200 


SIGNETICS FAMILY 
PART NUMBER CODES | coves (DIP ONLY) DIP PLCC DIP PLCC 


PHD-TYPE DEVICES 
PHD16N8 30A36 30A 
ECL-TYPE DEVICES 
10H/10020EV8 TBA TBA 
PAL-TYPE DEVICES 
PLC16V8 30A27 30A001 
PLC18V8Z 30A34 30A001 
PLC20V8 30A29 30A001 
PLHS16L8 A/B 30A29"* 30A101 
PLHS18P8 A/B 30A23* 30A101 
PLUS20L8 D/7 30A31 30A001 
PLUS20R8 D/7 30A31 30A001 
PLUS20R6 D/7 58 30A31 30A001 
PLUS20R4 D/7 30A31 30A001 
PLUS16L8 D/7 29 30A31 30A001 
PLUS16R8 D/7 30A31 30A001 
PLUS16R6 D/7 30A31 30A001 
PLUS16R4 D/7 30A31 30A001 
PLA DEVICES 
PLS100/101 30A01 30A001 
PLC153 30A27 30A001 ADAPTORS 
PLS153/153A 30A01 30A001 
PLHS153 30A27* 30A101 
PLUS153 B/D 30A27 30A001 
PLS173 30A01 TBA 
PLUS173 B/D 30A31 TBA 
PLC473 30A24 30A001 REQUIRED 
PLHS473 30A27* 30A101 
PLS DEVICES 
PLS105/105A 30A01 30A001 
PLUS105—40 30A34 30A001 
PLC415 30A34 30A001 
PLC42VA12 30A34 30A001 
PLS155 30A01 30A001 
PLS157 30A01 30A001 
PLS159A 30A25 30A001 
PLS167/167A 30A01 30A001 
PLS168/168A 30A01 30A001 
PLS179 30A27 30A001 
PLUS405 30A31 30A001 
PML DEVICES 
PLHS501 30A22* 30A101 
PLHS502 ---- 30A102 


NOTES: 
The software and hardware revisions listed are the earliest revisions that support these products. Later revisions can also be assumed to support 


these products. 
“Requires 30A101 adaptor; includes PLCC support. 
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INTRODUCTION 

In multiprocessor environments there is con- 
siderable savings to be made through sharing 
system resources. If each processor must 
support its own bus structure, |/O devices, 
and bulk storage medium, system cost could 
be very high. In the configuration shown in 
Figure 1, all processors share a common 
communication bus, and a number of system 
resources. 


Since every processor must use the common 
system bus to communicate with its peripher- 
als, a priority structure that resolves simulta- 
neous processor bus requests into a single 
bus grant must be integrated into the system. 
In addition to making request-grant transac- 
tions, transient bus contention due to grant 
switching must be removed by inserting pre- 
cise guard band times between bus grants. 


Signetics' Field Programmable Logic Se- 
quencer provides a convenient and cost- 
effective means for implementing a synchro- 
nous arbiter to perform these tasks within a 
single chip. 
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ARBITER STRUCTURE 

Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue ''A"' 
grants in manner that prevents any high 
priority ''A'' processor from locking out anoth- 
er Priority A processor. To enable this, the 
Priority A rules implemented here use a Last 
Granted Lowest Priority (LGLP) ring structure. 
After an ''A'' processor has completed a bus- 
related task, its next arbitrated request priority 
will be lowest in the ''A'' request group. The 
previously second highest priority ''A'' pro- 
cessor will then become highest priority re- 
quester. The net effect of the ''round robin" 
exchange is that every Priority A processor 
will have a turn at being highest priority 
processor. Priority A processors are typically 
ones that perform real-time operations or vital 
system tasks. 
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Figure 1. Multiprocessor Structure 
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Priority b processors are lower in priority than 
the "A's" and may only be granted system 
control when no ''A'' requests are pending. 
"pb" processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each ''b'' 
processor has a fixed priority position. 


Plumber', Pearce®, and Hojberg? present 


asynchronous techniques of arbiter imple- 
mentation. These methods all have hard- 
wired priority rules and imprecise guard band 
times during grant switching. As pointed out 
by Hojberg, a synchronous state machine can 
be configured as a Mealy-type controller to 
provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The 
state machine in Figure 2 is made from a 
control PROM array and an edge-triggered 
latch. The ''A" and ''b" requests and the 
machine's present state are used by the 
control PROM to determine the next ''A''’ and 
"b'' grants and the next state. 
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a. A and b service requests (Rwy, rn) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (Gy, gy). 


SYSTEM 
CLOCK 


WF05340S 
b. Requests Ro, Rj, ro, and r; are asserted low in the same clock sample period. 
The priority rules that determine the order in which the grants are issued and the 
shaded guard-band areas are programmed into the control PROM. Note that the A 
and b request lines and the present state input to the PROM must have a set-up 
time equal or greater than the latch set-up time plus the PROM access time. 


Figure 2. Arbiter Constructed from a Mealy-Type State Machine 
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SYSTEM OPERATION 

Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either Ry or 
rn. The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single state 
guard band time. The requests received must 
meet the set-up requirement of the edge- 
triggered latch after propagating through the 
control PROM. If these time considerations 
do not fit within a given multiprocessor struc- 
ture, an input latch may be added such that 
the Ry and ry lines are clocked through the 
latch by the system clock, thereby removing 
asynchronous set-up time considerations. On 
the basis of a state machine approach, two 
techniques of implementation are feasible: 1) 
using an architecturally advanced single IC 
controller, the FPLS, and, 2) a traditional 
PROM/LATCH configuration. 
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IMPLEMENTATION 

A five Priority ''A'' and three Priority ‘'b’’ 
arbiter will be constructed such that all grant 
outputs will be asserted low for grants and all 
request inputs will be asserted low for system 
requests. 


Brief FPLS Description 

The FPLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked S/R 
flip-flops. The control PLA is actually an AND- 
OR logic array that functions as a Content 
Addressable PROM. The PLA is organized as 
48 words of 28 bits with 16 external input 
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OUTPUT FUNCTION (Fn) 


5 4 3 2 1 0 7 6/5 4 3 2 1 0 
OE ES DS Os ee 
Athen 
ee ee 
ae ee ee 
ee 


Undefined 


NOTE: 


( | ) denotes positive clock transition. S = R = 1 is an illegal 
input condition. 


. Transition Table of Clocked S/R Flip-Flop 


Figure 3 


lines, and six internal inputs fed back from the 
State Register. The 28 PLA outputs drive the 
S/R inputs of the six-bit State Register and 
eight-bit Output Register. Note that the state 
feedback path is made inside the FPLS. 


In and present state inputs, Ps, represent pee 


possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by assign- 
ing to the variables either Low ''L"', High ''H", 
or Don't Care ''-"' logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
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internal outputs, thereby issuing a ‘'no 
change'' command to the R/S flip-flops. 


This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the FPLS, owing 
to the functional characteristics of S/R flip- 
flops tabulated in Figure 3(c). An example of 
this is shown in Figure 4. 


The S/R inputs of both state and output 
registers are specified by using PLA outputs 
(''AND" functions of request inputs and pres- 
ent state) in the program table of Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for''L'’, 1 for ''H'', and No Change 
for ''-''". The FPLS's PR/OE line may be 
assigned either Asynchronous Preset or Out- 
put Enable functions, via a user programma- 
ble option. 


The entire function is integrated into a single 
28-pin package designated as PLS105. 


State Algorithm 

Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 3B are arbiter wait states Wo _ 4. In these 
states, processor ''A'' and ''b'' requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A, in hex state 07. As long 
as A; asserts its request line low, the next 
state will be 07; and the next output will 
remain with G; asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 


As soon as processor A; returns its request 
line, Ry, to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor A; was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state Wo, the highest priority 
processor will be Ao, second A3, third A4, and 
fourth Ap. To maintain the LGLP rule, grant 
transitions must follow the state rule 
Gn 7 Wwe), and wait states, Wy, must 
set their ''A"' priorities so that processor Ay is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A(m - 1). 


When no "'A" requests are pending, ''b" 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a ''b'' grant must leave 
and return to the same wait state. Since the 
"'b" priority structure is the same regardless 
of the wait state, only a single set of ''b'' 
transition terms are required. 
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NOTE: 
Tn/Fw = Inputs/outputs. 
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The FPLS requires that only two out of the three transition terms be programmed. 


Figure 4. FPLS State and Output Transitions 


For example, a grant transition to go (Hex 
20 - 25) can be issued only if there are no 
"A", 'Do'', or ''by'' requests pending. Given 
the binary wait state code 111XXX, where 
''X's'' represent Don't Cares, a request code 
of 01111111 will transfer the arbiter to the 
grant state go from any of the wait states, 
Wo -4- 


It is important to realize that in making this 
transition, the lower three-state bits will not 
be changed — they provide the wait state 
return address. When ro returns high, 
1XXXXXXX, a transition back to the previous- 
ly exited wait state is made by forcing a''1"' in 
the three most significant state bits and 
leaving the lower three-state bits unchanged. 


All output and state bits are initially preset to 
''1"" through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to ''1'' when jumping back 
to a wait state. 


Table 1 provides the complete arbiter pro- 
gram. The complete arbiter circuit diagram is 
shown in Figure 6. The AMAZE equations are 
shown in Figure 7. 
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PROM/LATCH 
IMPLEMENTATION 


The same five ''A'' processor and three '"'b"' 
processor arbiter can be implemented with 
discrete PROM's and Latches using the same 
state diagrams for the FPLS, except that now 
looping transition terms must be pro- 
grammed. Coding of all state and output 
transitions requires programming of two 
memory fields: the ''A'' request PROM's 
(2KX6) and the ''b'' request PROM (64 X 3). 
The complete circuit diagram is shown in 
Figure 6(b). 


The ''A"' request PROM's determine the next 
machine state (No_5) at all times, except 
when there are no ''A"' requests pending and 
there is a ‘'b'' request, or if the machine is 
presently in a ''b'' grant state. In these cases, 
the ''b'’ request PROM controls the ma- 
chine's next state. 


The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH organiza- 
tion is conceptually the same as that shown 
in Figure 2. 
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Figure 5. Arbiter State Transition Diagram 
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Figure 6. Arbiter Circuit Diagram Summary 
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Table 1. FPLS Program Table for Priority Arbiter 
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HEHEHE HHH KKH HHERE ARE I TERS 2262 HHH 


@DEVICE SELECTION 
ARBITERB/82S105 
@STATE VECTORS 


E FFS, Fra, FFA, FF2, FFi, FRO J 
WO = O3Fh ; 
Wi = OSEn 3; 
W2 = O3Dh 3; 
WS = O3Ch ; 
W4 = O3Bh 3; 
WO4 = 111---b ; 
GAS = O6h ; 
GA1l = O7nh ; 
GA2 = OEh ; 
GA3 = OFh ; 
GA4 = 16h ; 
GEO = 101---b 3; 
GH1 = 110---b ; 
GB2 = 100--<—b ; 
@INPUT VECTORS 
@OUTFUT VECTORS 
COR2, OB1, OBO, OA4, OAS, OAZ, OAL, GAO) 
QAO’ = FEh ; 
OAL’ = FDh 3; 
QA2’ = FB ; 
OA3' = F7h ; 
QA4S’ = EFh ; 
OBO’ = DFh ; 
QB1l’ = BFh ; 
QB2° = 7Fh ; 
NOGRANT’ = FFh ; 
@TRANSITIONS 
WHILE CWO] 
CASE 
C/RAQ] :: CGAO] WITH CQA0'] 
C/RA1L * RAO] :: CGA1] WITH CQA1') 
C/RA2 * RAL * RAO] :: CGA2Z] WITH [QA2‘] 
C/RAS * RAZ * RAL * RAO] :: CGA3] WITH CQA3‘) 
C/RA4 * RAS * RAZ * RAL * RAO] :: [GA4] WITH C@A4’) 
ENDCASE 
WHILE (W1) 
CASE 
C/RA1] :: CGAL) WITH COA1’') 
C/RA2 * RA1] =: CGA2] WITH [CQA2‘] 
C/RAS * RAZ * RAL] :: CGA3] WITH [CQA3') 
C/RA4 * RAS * RAZ * RAL] :: CGA4] WITH CQA4‘) 
C/RAO * RAS * RAS * RAZ * RALI =: CGAOQ] WITH [QA0’) 
ENDCASE 
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a. Arbiter State Equations 


Figure 7 
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WHILE (CW2] 


CASE 
C/RAZ] :: 
C/RAS * RAZ] 
C/RA4 * RAS 
C/RAO * RA4 
C/RAL * RAO 
ENDCASE 
WHILE CWS) 
CASE 
C/RAZ] :: 
C/RA4 * RAZI 
[/RAQ * RA4 
C/RAL * RAO 
C/RAS * FAL 
ENDCASE 
WHILE (CW4) 
CASE 
C/RA4] :: 
C/RAO * RA4) 
C/RA1 * RAO 
C/RAZ * RAL 
C/RAS * RAZ 
ENDCASE 
WHILE CWO4)] 
CASE 
(/REO * RAG 
C/REL * REO 
C/REE * FREI 
ENDCASE 


WHILE CGAQ) 
IF CRAO] THEN 
WHILE CGA1 I 
IF CRALIJ THEN 


WHILE CGA2Z] 
IF CRASS] THEN 


WHILE CGA2] 
IF CRAZI] THEN 


WHILE CGA4] 
IF CRA4] THEN 


WHILE CGRO] 
IF CRBO] THEN 


WHILE CGHi] 
IF CRBE1] THEN 


WHILE CGH2] 
IF CRB2) THEN 


CGAZ] WITH COA’ 


CGAZI] WITH COAZ’) 


>: CGA3] WITH [QAR] 
* RAZ] :: (CGA4] WITH [OA4’] 
* RAZ * RAZ] CGAY] WITH CQA0’ J 
* RAY ® RAZ * RAZI CGA1] WITH COAI ‘I 


J 


2: CGA4] WITH COA4‘] 
* RASIJ :: CGAO] WITH [CGAQ’ 
* RAF * RAS] :: CGALI] WITH COA1‘) 


* RAO * RAS * RAZ] =: CGAZ] WITH COQA2‘) 


CGA4] WITH CGA4‘] 


CGAY] WITH COAD’ 7) 
RA4S] CGA1] WITH CG@A1‘) 
RAO * RAF] CGA2] WITH CQAR’ 
RAL *RAL * RA4) CGA] WITH 


* 
* 
* 


) 


ais COA J 


CGHOJ WITH LCURO’ 7 
CGH1J WITH COB1'] 
CGR2] WITH CORRS‘) 


RAS * RAZ 
RAG * RAS 
* REO * RAG 


* RAOI 
* RAL *® RAO) 
* RAS * RAL * RADI 


* RAL 
* RAZ 
* RAS 


CW1d WITH CNOGRANT ° 


CWE] WITH CNOGRANT 1 


CW3] WITH CNOGRANT ° 


CW4] WITH CNOGRANT ‘J 
CWOJ WITH CNOGRANT ' 
CGB1] WITH CNOGRANT ’ 4 
CGR2] WITH CNOGRANT ') 


CGBO] WITH CNOGRANT ‘2 


a. Arbiter State Equations (Continued) 


Figure 7 (Continued) 
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b. Arbiter Pin List 


HHKHHHEKHHHERHHEHERHHEHE DRERI TERR HERR HEHREHHEEHREHEHERSE 
@DEVICE TYFE 
825195 
@DRAWING 
HHH RHEHERE MULTI-FROCESSOR BUS ARKITOR 
@REVISION 
HHHHRHHHRHEHER ARBITERB REV. 0 
@DATE 
PERE EE EH JULY 26, 1985 
@SYMBOL 
HEEHHHEHHHEH ARKITERB 
@COMFANY 
HREHKHRHEHRK STGNETICS 
@NAME 
RHHKHHHKEKHEH DAVID F. 
@DESCRIFTION 
@INTERNAL SR FLIF FLOF LABELS 
FFO FFL FF2 FF3S FF4 FFS 


WONG 


@CUMMON FRODUCT TERM 
@COMFPLEMENT ARRAY 
@LOGIC EVUATION 
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c. Arbiter Boolean Equations 
Figure 7 (Continued) 
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Table 2. Arbiter Program Table 


HHERHKHKHHHERHKHHEHHER ARBITERB 4H KHRHERHR HEHE 
Cust/Project — *#xxxxexxeHeH DAVID K. WONG 

Date — HHHHHHHHHHHH JULY 26, 1985 
Rev/!I. D. — HH#RHHHHHHHHH ARBITERB REV. O 
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SUMMARY 

As can be seen from the circuit diagrams, the 
FPLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design alter- 
natives for the Priority Arbiter is shown in 
Table 2. Clearly, the FPLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 
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Parts count 


PCB space 
Power 
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Table 3. Design Alternatives for the Priority Arbiter 


PARAMETER 


PROM/LATCH 


flicts on a Random Priority Basis''; Com- 
puter Design, August 1977, pp. 
120 - 123. 

K. Soe Hojberg: ''One-Step Programma- 
ble Arbiter for Multiprocessors''; Comput- 
er Design, April 1978, pp. 154 - 158. 
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INTRODUCTION 

Custom logic is expensive - too expensive if 
your production run is short. ‘Random logic’ is 
cheaper but occupies more sockets and 
board space. Signetics Programmable Logic 
bridges the gap. Using PLD, you can config- 
ure an off-the-shelf chip to perform just the 
logic functions you need. Design and devel- 
opment times are much shorter, and risk 
much lower than for custom logic. Connec- 
tions are fewer than for random logic, and, for 
all but the simplest functions, propagation 
delay is usually shorter. Yet another advan- 
tage that PLD has over custom logic is that it 
allows you to redesign the functions without 
redesigning the chip-giving you an invalu- 
able margin not only for cut-and-try during 
system development, but also for later revi- 
sion of system design. You're not tied down 
by the need to recover capital invested in a 
custom chip. 


A PLD chip is an array of logic ele- 
ments - gates, inverters, and flip-flops, for 
instance. In the virgin state, everything is 
connected to everything else by nichrome 
fuses, and although the chip has the capacity 
to perform an extensive variety of logic func- 
tions, it doesn't have the ability to. What gives 
it that is programming: selectively blowing 
undesired fuses so that those that remain 
provide the interconnections necessary for 
the required functions. 


Signetics Series 20 PLD, named for the 
number of pins, supplements the well-known 
Series 28. The package is smaller — little 
more than a third the size, in fact- but the 
improved architecture, with user-programma- 
ble shared !|/O. compensates for the fewer 
pins. The series comprises the following 
members, in order of increasing complexity: 


@ PLS151- field-programmable gate 
array 

@ PLS153 - field-programmable logic 
array 
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@ PLS155 - field-programmable logic 
sequencer 


@ PLS157 - field-programmable logic 
sequencer 


@ PLS159 - field-programmable logic 
sequencer 


Entry to all the devices is via a product matrix, 
an array of input and shared |/O lines fuse- 
connected to the multiple inputs of an array of 
AND gates (see Figures 1, 2 and 5). To 
exploit the capacity of any device, it is impor- 
tant to make the most economical use of the 
AND gates it has available. Application of de 
Morgan's theorem can help in this. For exam- 
ple, inputs for the function 


F=A+B+C+D 


would occupy four of the AND gates of the 
product matrix. However, the same function 
rewritten as 
F=ABCD 

would occupy only one. Moreover, the sec- 
ond function could be done on the simplest of 
the Series 20 devices (and leave eleven 
gates over for other functions), whereas the 
first could not. The fact that all inputs of the 
Series 20 devices, including the shared ones, 
incorporate double buffers that make the true 
and complement forms of all input variables 
equally accessible, greatly facilitates the use 
of de Morgan's theorem for logic minimiza- 
tion. 


To convert the minimized logic equations to 
the pattern of fuses to be blown, you can use 
either a programming sheet (see e.g. Table 1) 
or Boolean equation program-entry software 
that lets you enter the equations via the 
keyboard of a terminal. The direct program- 
mability of logic equations makes system 
design with PLD simple and sure. Functional 
changes can be made by replacing one PLD 
chip by another differently programmed. In 
many cases you Can even remove the original 
one, reprogram it on the spot, and re-insert it. 
Programming machines qualified for the Se- 
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ries 20 are at present available from DATA |/ 
O, KONTRON, and STAG. 


FPGA PLS151 

The field-programmable gate array is the 
simplest of the Series 20 PLD devices; Figure 
1 shows the functional diagram. The array 
can accept up to 18 inputs. There are six 
dedicated input pins (A) and twelve (A’') that 
can be programmed as inputs, outputs, or 
bidirectional |/O. All input variables, whether 
on dedicated or programmed input pins, are 
available in both true and complement form in 
the product matrix (B), and both forms are 
buffered: either form can drive all 12 product 
lines if required. In the virgin state, all the 
input variables and their complements are 
connected to all the product lines via a diode 
and a fuse (C), and the product matrix is 
effectively inoperative. To enable it to gener- 
ate the required functions, unrequired con- 
nections between individual input lines and 
product lines are severed by blowing the 
connecting fuses. 


At the output of the product matrix are 12 
NAND gates, each with 36 inputs to accom- 
modate the 18 possible input variables and 
their complements. Each of the product terms 
is normally active-Low, but a unique feature of 
Signetics PLD is that any or all of them can be 
independently programmed active-High. This 
is done by means of an array of exclusive-OR 
gates (D) at the NAND-gate outputs; when 
the fuse that grounds the second input of 
each OR gate is blown, the output of that 
gate is inverted. 


The product matrix and exclusive OR-gate 
connections shown in Figure 1 illustrate the 
flexibility conferred by having buffered com- 
plements of all input variables internally avail- 
able, together with independently program- 
mable output polarities. Output B;;, shown 
with its exclusive OR-gate fuse intact, is 
programmed 


Bay = lolils 
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LOGIC GATES G CONTROL 
GATES 
"n w= 9 8 7 6 5 4 3 2 1 0 D0, 0, OD 
fixed 
inputs 
6 ci. tld rc Li 
Ce 


| NOTE: 


Figure 1. Field-Programmable Gate Array PLS151A 


A, dedicated inputs, A’, programmable |!/O. B, product (NAND) matnix with fused connections C; each of the vertical lines in the matrix represents 36 inputs to the terminating NAND 
gated. D, exclusive-OR array with inputs grounded via fuses for polarity control. E, programmable Tri-state output buffers. F, fuse-programmable control matrix. Square dots (@) represent 
permanent connections; round dots (@) intact fuse connections. Connected as shown, the array is programmed for the functions By; =I5 |; Is and Byy =Io |, | 
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NOTE: 
A to F, as in Figure 1. G, sum (OR) matrix. Connected as shown, the array is programmed as a single-bit adder with Carry Enable. 


Figure 2. Field-Programmable Logic Array PLS153 


At the same time, and without using any 
additional inputs, output By 9 (fuse blown) is 
programmed 
Bio = lol Is 

Each of the exclusive-OR gates drives a 
three-state output buffer. In the virgin state all 
the buffers (E) are disabled and therefore in 
the high-impedance state. The function of the 
programmable |/O pins (A') is then deter- 
mined by the !/O control matrix (F). The three 
AND gates at the control-matrix output are 
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Active-High, and when one of them is in the 
High state, the four output buffers it controls 
are enabled; the corresponding |/O pins then 
act as outputs. conversely, when a control- 
matrix AND-gate output is Low and the con- 
trol fuse for the corresponding Tri-state buffer 
is intact, the pins controlled by that gate act 
as inputs. Thus, these pins can be pro- 
grammed in groups of up to four to act as 
inputs or Outputs according to the state of 
selected input variables. If required, any of 
the programmable |/O pins can be made a 
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dedicated output by blowing the control fuse 
of the output buffer associated with it. 


The speed of the FPGA compares favorably 
with TTL, although its propagation delay is 
longer than the individual gate delay of TTL. 
When the number of inputs required is large, 
however, the FPGA more than makes up for 
this. When more than eight inputs are re- 
quired, for example, the FPGA has a distinct 
advantage. Then, the overall propagation de- 
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lay of TTL often amounts to two or three gate 
delays, but that of the FPGA to only one. 


FPLA PLS153 


Architecture 

With two levels of logic embodied in a product 
matrix terminating in 32 AND gates coupled 
to a ten-output OR matrix (Figure 2), the 
FPLA is a step up in complexity from the 
FPGA. Again, there is provision for 18 input 
variables, internally complemented and buff- 
ered, but here divided between eight dedicat- 
ed input pins and ten individually programma- 
ble 1/O pins. As before, exclusive-OR gates 
grounded by fuses provide output polarity 
control, and any of the programmable |/O 
pins can be made a dedicated output by 
blowing the control fuse of the output buffer 
associated with it. 


Programming 

When the required functions have been de- 
fined, corresponding programming _instruc- 
tions are entered in a programming table, the 
layout of which reflects the FPLA architec- 
ture. (A Signetics computer program named 
AMAZE, which accepts Boolean equations as 
input and generates an FPLA programming 
table as output, is also available.) The pro- 
gramming machine blows the FPLA fuses in 
the pattern prescribed by the table. 


As an illustration of FPLA programming, con- 
sider a full adder. Figure 3 shows a TTL 
version (74LS80) and the corresponding logic 
equations. Note that the feedback of C, 4; 
introduces a second propagation delay. In the 
FPLA this is eliminated by redefining 2 in 
terms of A, B, and Cp, as shown in Figure 4, 
and using the right side of the equation for 
C, +1 instead of the term itself. At first glance 
this would appear to require a minimum of 
three product terms for C,, 4; plus four for 2, 
or a total of seven. The Karnaugh maps, 
however, show considerable overlap between 
the two functions: the map for C,, 4 differs 
from that for 2 only by having A B C, instead 
of AB C,. Rewriting the equation for C, + ; to 
introduce A B C, and eliminate A B Cy, 
Ca+1=ABC,+ABC,+ABC,+ABC, 
increases the number of product terms by 
one, but now C,, 4 ; and © have three terms in 
common. Therefore, since the FPLA allows 
multiple use of product terms, it is sufficient to 
program each of the common terms only 


once; thus, the original seven product terms 
are effectively reduced to five. 


To fill in the programming table (Table 1), first 
allocate inputs and outputs. 
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FULL ADDER 


X= AC, . 1+ BC, 44+ C.C,. 1 + ABC, 


C, +17 AC, + BC, + AB 
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Figure 3. Single-Bit Full Adder in TTL (e.g. 74LS80) 


Ee AC. ,,* BG, 4, + CC. . 4 + ABC, 


= ABC, + ABC, + ABC, + ABC, 
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= AC, + BC, + AB 


AB + AC, + BC, 


ABC, + ABC, + ABC, + ABC, 
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Figure 4. Karnaugh Maps and Logic Equations for the Full Adder 
of Figure 3, Illustrating how the Equations are Reduced for 
the FPLA Implementation Shown in Figure 2 and Table 1 


Outputs: C,4 = B7 


Inputs: A =lo 
B =|, = Bg 
Ch = lp z _ Bg 


Next, enter the product terms of 2 in the 

product-matrix (AND) part of the table, using 

H to indicate a true input and L a false one. 

@ Term 0 is A B C,: mark H, L, L in 
columns lo, |;, lo of row 0 

@ Term 1 is A B C,: mark L, H, L in 
columns lo, |;, lo of row 1 

@ Term 2 is A B C,;: mark L, L, H in 
columns lo, 11, lo of row 2 

@ Term 3 is A B C,: mark H, H, H in 
columns lo, |;, lo of row 3. 


Fill the rest of rows O, 1, 2, and 3 with dashes 
to indicate that all other inputs are to be 
disconnected from Terms 0, 1, 2, and 3 (fuses 
blown). 


The product terms of © must be added to 
form the sum-of-products required at output 
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Bg. Indicate the required addition by putting 
an A (for Attached, i.e. fuse unblown) in the 
Term 0, 1, 2, and 3 spaces of column B(O)g; 
Term 4 is not required for 2, so put a dot in 
the Term 4 space to indicate that it is to be 
disconnected (fuse blown). To indicate that 
the output is to be Active-High, put an H in the 
polarity square above the B(O)g column. Fi- 
nally, fill row Dg with dashes to indicate that 
all fuses on line Dg of the control matrix are to 
be blown and Bg is to be a dedicated output. 
This completes the programming of ~. 


The = output on Bg is programmed in just the 
same way, except that the polarity square 
above the B(O)g column is marked L to 
indicate Active-Low. (Note that in the FPLA, 
the © and ¥ outputs change simultaneously, 
because all output signals traverse the exclu- 
sive-OR array (D), whether they are Active- 
High or Active-Low. In the TTL full adder 
shown in Figure 3, the output inverter delays 
the change of } with respect to >.) 
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Table 1. FPLA Programming Table Filled in for the Full Adder of Figure 2 
| POLARITY 
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The output C, + ; on B7 contains three of the 
same terms as &, plus the term A B C,. Only 
this last term needs to be additionally pro- 
grammed in the product matrix: mark L, L, Lin 
columns lo, |, lo of the Term 4 row. Indicate 
the addition 


ABC,+ABC, +ABC,tABC, 
by putting an A in rows 0, 1, 2, and 4 of 
column B(O)7, and show that Term 3 (A B C,) 
is not required by putting a dot in the Term 3 
row to indicate disconnection (fuse blown). 


Put an L in the B(O)7 polarity square to 
indicate Active-Low. 


Identifying B7 as a dedicated output by indi- 
cating that all the fuses to control term D7 are 
to be blown, would now complete the pro- 
gramming of the full adder. However, a useful 
supplementary feature would be a Carry En- 
able function to keep the B7 output buffer in 
the high-impedance state except when the 
enable input Ig is true. The output buffer is 
enabled when both the fuses of a control 
term are blown, or when one is blown and the 
term that controls the output buffer is true. 
Thus, a Carry Enable can be provided via the 
lz input by leaving intact the fuse for Active- 
High operation of the enable signal to control 
term D7. To indicate this, put an H in the lg 
column of row D7 and fill the rest of the row 
with dashes. 


The full adder with output Carry Enable uses 
only four of the eight dedicated inputs, three 
of the ten programmable I/O pins, and five of 
the 32 AND gates. The remaining capacity 
can be used for programming other functions 
which may, if required, also make use of 
AND-gate outputs already programmed for 
the full adder. 


All fuses not indicated as blown in the pro- 
gramming table are normally left intact to 
preserve capacity for later program revisions 
or the addition of supplementary functions. If 
it is essential to minimize propagation delay, 
however, the finalized program should include 
instructions for blowing all unused fuses to 
minimize load capacitance. 


FPLS PLS155 - PLS157 - PLS159 


Architecture 

The FPLS (Figure 5) is the most complex of 
the Series 20 PLD devices. Like the FPLA, it 
has a 32-term product matrix followed by an 
OR matrix. In the FPLS, however, the OR 
matrix is larger and comprises three distinct 
parts, with architecture differing in detail from 
type to type. In the PLS155, for instance, the 
first part consists of eight 32-input gates 
coupled, like those of the FPLA, to an output- 
polarity-controlling exclusive-OR array. The 
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second consists of twelve additional gates 
which control four flip-flops. These are what 
give the FPLS its sequential character, en- 
abling it to dictate its next state as a function 
of its present state. The third part is the 
deceptively simple Complement Array (I in 
Figure 5): a single OR gate with its output 
inverted and fed back into the product matrix. 
This enables a chosen sum-of-products to 
become a common factor of any or all the 
product terms and makes it possible to work 
factored sum-of-products equations. it is also 
useful for handshaking control when interfac- 
ing with a processor and for altering the 
sequence of a state machine without resort- 
ing to a large number of product terms. 


PLS155 has four dedicated inputs and eight 
programmable |/O pins that can be allocated 
in the same way as in the FPLA. It also has 
four shared |/O pins (L) whereby the flip-flops 
can be interfaced with a bidirectional data 
bus. Two product terms, La and Lg in the 
control matrix F, control the loading of the 
flip-flops, in pairs, synchronized with the 
clock. 


Figure 6 shows the architecture of the flip-flop 
circuitry in the PLS155. The flip-flops are 
positive-edge-triggered and can be dynami- 
cally changed to J-K, T, or D types according 
to the requirements of the function being 
performed; this considerably lessens the de- 
mands on the logic. The Tri-state inverter 
between the J and K inputs governs the 
mode of operation, under the control of the 
product term F: 


@ When the inverter is in the high- 
impedance state, the flip-flop is a J-K 
type, or a T type when J=K. 


@ When the inverter is active, K =J and 
the flip-flop is a D type; the K input 
must then be disconnected from the 
OR matrix. 


All the product terms from the product matrix 
(To to T3; in Figure 5) are fuse-connected to 
the J and K input OR gates. if both fuses of 
any one product term are left intact, J=K 
and the flip-flop is a T type. 


The flip-flops of the PLS155 have asynchro- 
nous Preset and Reset controlled by terms in 
the OR matrix that take priority over the clock. 
Their three-state output buffers can be con- 
trolled from the enable pin OE or permanently 
enabled or disabled by blowing fuses or 
leaving them intact in the enable array (K in 
Figure 5). 


The PLS157 and PLS159 sequencers have, 
respectively, six and eight flip-flops. The ar- 
chitecture differs in detail but is similar in 
principle to that of PLS155. 
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Programming 

The FPLS is programmed in much the same 
way as the FPLA, using a table to instruct the 
machine that blows the undesired fuses. It is 
not necessary to work with a circuit diagram; 
in fact, it is even undesirable to do so, since 
applying the necessary logic reduction tech- 
niques would in most cases make the dia- 
gram difficult to read and more a hindrance 
than a help. An example of how to program 
the FPLS as a universal counter/shift-register 
is given in the Appendix. 


DEVELOPMENT AND 
PRODUCTION ECONOMY WITH 


PLD 

Underlying the design philosophy of the 

Signetics Series 20 PLD is the concept of 

programmable arrays whose architecture em- 

ulates logic equation formats rather than 

mere aggregations of gates. The unique com- 

bination of features which support this philos- 

ophy includes: 

@ double-buffered true and complement 
inputs 

@ programmable-polarity outputs 

® programmable !/O for internal feedback 
and maximum freedom in allocating 
inputs and outputs 


@ truth-table programming format 


These features are common to all the PLD 
devices. In the field-programmable logic se- 
quencers they are further supported by: 


@ flip-flops with dynamically alterable 
operating modes 


® a complement array for simplified 
handshaking control 


From the development engineer's point of 
view an important advantage of PLD is that it 
eliminates breadboarding. Once the functions 
required in terms of minimized logic equations 
are worked out, a PLD can be programmed 
accordingly. Once programmed, it will per- 
form those functions. 


Loading the instructions into the program- 
ming machine usually takes no more than a 
couple of hours; after that, the machine can 
program the devices at a rate of 100 an hour. 
Moreover, since any PLD can be pro- 
grammed in many different ways, PLD has 
considerable potential for simplifying pur- 
chasing and stock control. One type of device 
can be programmed to perform a diversity of 
tasks for which it would otherwise be neces- 
sary to purchase and stock many different 
devices. 


Series 20 PLD is second-sourced by Harris 
Semiconductor. 
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NOTE: 
A to G, As In Figure 2. H, Flip-Flops And Bus-Load Buffer. J, Clock Input. K, Output-Buffer Enable. L, Tri-state Flip-Flop Output Buffers. 


Figure 5. Field-Programmable Logic Sequencer PLS155 
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> denotes wire-OR 
@ denotes fixed connection 


Figure 6. Architecture of the PLS155 Flip-Flop Circuitry 


APPENDIX 


Programming an FPLS as a 


Counter/Shift-Register 

Objective: to program a PLS155 FPLS as a 
count-up, count-down, shift-right, shift-left 
machine governed by three control 
terms - COUNT/SHIFT, RIGHT/UP, LEFT/ 
DOWN. Direct implementation would result in 
a machine with 64 state transitions (see Table 
A-1), which is beyond the scope of the 
PLS155 or even the 28-pin PLS105. Logic 
reduction is therefore necessary. 


As there are only four feedback variables (D, 
C, B, A), you can do the reduction by hand, 
one mode at a time; the control terms need 
not be included till the summary equations 
are written. Using the transition mapping 
method suggested here, you can examine the 
excitation equations for all types of flip-flops 
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(R-S, J-K, D, T) and choose those types that 
will perform the required functions using the 
fewest product terms. Table A-2 summarizes 
the rules for flip-flop implementation using 
transition maps; the transition symbols used 


in the table mean: 
PRESENT NEXT TRANSITION 
STATE STATE SYMBOL 
0 


0 0 
0 1 a 
1 0 B 
1 1 1 


Using these symbols, construct Table A-3 
from Table A-1 to enable you to examine the 
excitation equations for all types of flip-flops. 
Proceeding one mode at a time, transfer the 
state conditions from Table A-3 to Karnaugh 
maps, as in Figure A-1. Following the rules in 
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Table A-2, derive the excitation equations for 
the different types of flip-flops (the examples 
shown in Figure A-1 omit the T type because 
it is the same as the J-K type when J = k). In 
deciding which types of flip-flop to use, re- 
member that logic minimization with PLD is 
different from logic minimization with 'random 
logic': with random logic you seek to reduce 
the number of standard packages required; 
with PLD you seek to reduce the number of 
product terms. 


From Figure A-1 it is evident that you should 
choose J-K or T flip-flops for the counter 
mode and D flip-flops for the shift mode, for 
you then require only one product term per 
flip-flop per mode. Table A-4 summarizes the 
number of product terms per mode the vari- 
ous types of flip-flops would require. 


Table A-5 shows the completed programming 
table for the counter/shift-register. The pro- 
gramming of Terms 0 to 15 reflects the flip- 
flop excitation equations and illustrates the 
value of being able to switch the flip-flops 
dynamically from one type of operation to 
another. Terms 16, 17 and 18, respectively, 
provide for INITIALIZE, asynchronous RE- 
SET, and STOP functions. 


The programming of the two additional inputs 
HALT and BUSY illustrates the value of the 
complementary, which is made active when 
HALT and BUSY are Low (A in the Comple- 
ment square of Term 18) and propagated into 
all the other terms (dot in the Complement 
squares of Terms 0 to 17). This means that 
unless the HALT and BUSY inputs are High, 
none of the product terms will be true and the 
state of the machine will not change. If the 
Complement Array were not used, twice the 
number of product terms would be required, 
even if one of the additional inputs were 
omitted. 


As it is, the design uses only 19 of the 32 
product terms available, so there is ample 
capacity for extending its capabilities. For 
example, the shift-left function can be aug- 
mented by a binary multiplication capability, 
using a D type flip-flop to make it shift one, 
two, or three places according to the state of 
two extra inputs, X and Y. Table A-6 shows 
the revised programming table. The binary 
multiplication function occupies nine addition- 
al product terms. 
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Table A-1. Present-State/Next-State Table for Counter/Shift-Register 
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Table A-3. Transition Table for Counter/Shift-Register 
PRESENT TRANSITION 
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Table A-4. Number of Product Terms Required for Counter/Shift-Register 
Flip-Flop Excitation 


FLIP-FLOP COUNT COUNT SHIFT SHIFT TOTAL 
TYPE UP DOWN RIGHT LEFT 


8 8 8 8 32 
4 4 8 8 

10 10 4 4 
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Figure A-1 Karnaugh Maps and Flip-Flop Excitation Functions for the Counter/Shift-Register 
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Table A-5. PLS155 FPLS Programming Table for the Counter/Shift-Register 
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Table A-6. Modified PLS155 FPLS Programming Table for the Counter/Shift-Register With the Addition of a 
Binary Multiplier 
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Author: David Wong 
FEATURES 


@ Programmable pulse-width/delay 

@ Maximum 256 clock cycles 

@ Asynchronous TRIGGER input 

® Active-High and Active-Low outputs 
@ Asynchronous RESET 

@ 20-pin package 


THEORY OF OPERATION 

The one-shot consists of an FPLS PLS159 
and an external clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the FPLS is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. Since 
the input data is inverted before it is loaded 
into the registers, counting from the comple- 


SYSTEM CLK 


RESET 


Figure 
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ments of the input to FF will give the correct 
number of counts as counting from the input 
down to 00. 


Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1's (terms 
PB and PA). At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2 and 13. The output O; of the latch 
goes High and Os goes Low which enables 
the 8-bit counting cycle. The O; and /O; will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets Oo High. At the rising 
edge of the next clock, terms LA and 1B 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output wave-forms are illus- 
trated in Figure 2. 
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If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the de- 
vice will react as mentioned above, and at the 
end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. O;3, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
O14 will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output Oo will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 


The one-shot is implemented by program- 
ming the PLS159 as shown in Table 1. The 
logic representation of the program is shown 
in Figure 3. 
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count cycle. Outputs Bz and Bo stay Low and High respectively until 
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PLS159 Programmable One-Shot 


Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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INPUTS 
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Figure 3. Logic Representation of Table 1 
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DESCRIPTION 

Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, and an edge- 
triggered D flip-flop. 


INTRODUCTION TO PLS153 

To implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programming table as shown in Appendices A 
and B. On the left side of the logic diagram 
(Appendix A) are eight dedicated inputs, Ip to 
17, each of which has a true and a comple- 
ment output. Each output is connected to the 
inputs of 32 AND functions (we will call them 
AND-terms from now on), the outputs of 
which are, in turn, connected to the inputs of 
ten OR functions. The output of each OR 
function is connected to one input of an 
Exclusive-OR function, which is in turn con- 
nected to a non-inverting output buffer. The 
function of the XOR is to control the output 
polarity. The output, in its virgin state, is non- 
inverting, since one side of the XOR is 
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connected to ground by the fuse X,, where 
n=0, 1, 3...9. To have the output inverted, 
one needs only to blow fuse X, open so that 
the X, input is unconditionally High. The 
output buffers are all three-state buffers 
which may be enabled or disabled by their 
corresponding AND gates. The output buffers 
are disabled in their virgin state. All pins 
labeled ''B'' are bidirectional. Input buffers of 
the ''B'' pins are identical to those of the ''I'' 
pins. 


The programming table shown in Appendix B 
emulates a truth table. All the inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row in 
the table corresponds to an 18-input AND- 
term with up to ten outputs. On the left side, 
or the input side of the table, each column 
represents an input. The 18 columns repre- 
sent input buffers Ig to l7, Bo to Bg. To 
distinguish between inputs and outputs of the 
bidirectional pin, B(l) is used for input and 
B(O) is used for outputs as shown in the 
programming table. On the right side of the 
table, each column represents an output 
circuit (B(O)g_9) which consists of an OR 
gate, an XOR, and a non-inverting three-state 
buffer. The output buffers are controlled by 
AND-terms Do to Dg, the inputs of which may 
be connected to any number of the 18 inputs. 
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The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right corner of the programming table. 


To program the inputs to the AND-terms, an 
""H" will cause the fuse of the inverting input 
buffer to be blown, leaving the non-inverting 
buffer connected to the AND-term; an "'L'"' 
will do the opposite. A ''-'' will cause both 
fuses to be blown, and therefore the pro- 
grammed input is a ''Don't care'’. A '''0"’, the 
virgin state of the device, has both fuses 
intact, which causes the output of the AND- 
term to be unconditionally Low. 


To program the outputs, a ''.'’ causes the 
fuse that connects the output of AND-term to 
the input of an OR to be blown and thus 
renders the output inactive. An ''A'' causes 
the fuse to remain intact and thus the output 
is active. 


The output polarity of each output buffer may 
be programmed by entering an''H'"' or an'"'L" 
in the POLARITY section. An ''L'' causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an ''H'' leaves the fuse 
intact and the output is non-inverted. 


To AND several inputs, we put them in a row; 
to OR several inputs, we put them in different 
rows, as shown in illustrations in Appendix B. 
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SIMPLE R-S LATCH 

A simple R-S latch may be formed by cross- 
coupling two NAND functions together as 
shown in Figure 1. 


As an illustration, let's assign the input R to lo 
of the PLS153, input S to I,, output Q to Bo, 
and output Q to B;. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on B(O) 9 and B(QO),. To 
unconditionally enable the output buffers, we Figure 1. RS Latch 
"dash" out all inputs to Do and D;. As for the 
inputs, we put an ''H"' on lo, term-O for the 
input R, non-inverted; another ''H'"' on B(I);, 
term-0 for the feedback from Q. In the same 
manner, we program |;, term-1 and B(O)o 
""H'"'. The POLARITY, rows 0, 1, Do and Dj, 
forms a ‘'truth table’’ with which one can 
analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 


Figure 2. RS Latch 
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Table 1. PLS153/153A Programming Table 
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ANOTHER SIMPLE R-S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR func- 
tions are cross-coupled to form a latch. 


As with the previous example, we first define 
the input and output pins. For this example, 
we use lo for the R input, Iz for the S input, Bo 
for the Q output, and B3 for the Q output. We 
program Bo and Bz to have inverted outputs Ls017108 
by programming POLARITY of Bo and Bg Figure 3. RS Latch 

Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by B(O)», rows 6 and 7. In the 
same manner B(O)3 ORs Terms 8 and 9. The 
programmed table of this design may be 
represented as shown in Figure 4. 


Since each AND-term of the PLS153 can 
accommodate up to 18 inputs (true or invert- 
ing inputs of eight from Ip to l7 and ten from 
Bo to Bg), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 


Q 


The programming of this design is left to the 
reader as an exercise. 
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Figure 4. RS Latch 
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Figure 5. RS Latch 
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Table 2. PLS153/153A Programming Table 


POLARITY 
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D-LATCH 
A simple D-latch can be constructed with an 
PLS153 as shown in Figure 6. 


This circuit may be easily programmed into 
the PLS153 as shown in Table 3. The pro- 
gram may, in turn, be represented as shown 
in Figure 7. 


This circuit may be expanded to have multiple 
D-latches using the same latch enable (LE). 
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Figure 7. D-Latch 
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Figure 6. D Latch 


R-S FLIP-FLOP 

Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, if the designer so desires). Figure 8 
shows a combination of two sets of cross- 
coupled NOR gates concatenated to form the LS01770S 
flip-flop. The implementation of this circuit Figure 8. RS Flip-Flop 

using PLS153 is as illustrated in Table 4 and 
Figure 9. 
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Figure 9. RS Flip-Flop 
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Table 3. PLS153/153A Programming Table 


POLARITY 
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Table 4. PLS153/153A Programming Table 
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D FLIP-FLOP An PLS153 may be programmed as shown in 


An edge-triggered master-slave D flip-flop Figure 11 to implement the D flip-flop which is 
may be constructed with two D-latches in the equivalent to the circuit shown in Table 5 in 
manner shown in Figure 10. the PLS153 logic representation. 
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Figure 10. D Flip-Flop 
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Figure 11. D Flip-Flop 
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Table 5. PLS153/153A Programming Table 
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1. All programmed '"'AND"' gate locations are pulled to logic ''1"’. 
2. All programmed ''OR"' gate locations are pulled to logic ''0"’. 
3. © Programmable connection. 


Figure A-1. FPLA Logic Diagram 
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Appendix B. PLS153/153A Programming Table 
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APPENDIX C 


R-S LATCH (Cross-Coupled NOR) R-S LATCH (Cross-Coupled NAND) 
See Figures 3 and 4 and Table 2 See Figures 1 and 2 and Table 1 


R Pin 3 


S PIN 4 


Q PIN 12 


Q PIN 13 


Application Note 


AN14 


D-LATCH Typical set-up time = Ons 


See Figures 6 and 7 and Table 3 Typical hold time =0- 


5ns 


Typical propagation delay = 20ns 


LE PIN 7 


Q PIN 14 


EDGE-TRIGGERED R-S Flip-Flop EDGE-TRIGGERED D Flip-Flop - 
See Figures 8 and 9 and Table 4 See Figures 10 and 11 and Table 5 
R PIN 1 
S Pin 2 
CLOCK PIN 3 
Q PIN 13 
NOTE: Timing requirements/performances are the NOTE: Timing requirements/performances are the 
same as the R-S latches same as the D-latch 


Figure C-1. Timing Photos 
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D PIN 4 


CLOCK PIN 5 


Q PIN 15 
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INTRODUCTION 

The PLS159 is a field programmable logic 
sequencer which consists of four dedicated 
inputs, four bidirectional I/O's, eight flip-flops, 
thirty two 16-input AND gates, twenty 32-input 
OR gates, and a complement array. Each flip- 
flop has a bidirectional |1/O and may be 
individually programmed as J-K or D flip-flop, 
or switch between the two types dynamically. 
The flip-flops will accept data from the inter- 
nal logic array or from the bidirectional I/O, or 
they may be set or reset asynchronously from 
the AND array. The output polarity of the four 
bidirectional |/O's are programmable and the 
direction is controlled by the AND array. 
Figure 1 is the logic diagram of PLS159. 


PROGRAMMING THE PLS159 
The programming table is shown in Table 1 
where there is a place for everything that is 
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shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, repre- 
sents the input side of the AND gates, while 
the right hand side, section B, represents the 
OR gates sections which includes the flip- 
flops and the combinatorial outputs B(O) to 
B(3). The flip-flops modes are defined in 
section C and the output polarities of the 
combinatorial outputs are defined in section 
E. The programming symbols are detailed in 
Figure 2. 


As shown in Table 1, the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns lp to Is 
represent the 4 dedicated inputs, lg to ls. 
Columns B(I)o to B(l)3 represent the inputs of 
the 4 bidirectional |/O, Bo to Bs. Columns 


476 


Q(P)o to Q(P)7 represent the feedback, Fo to 
F7, from the flip-flops (the present state). 
Column ''C'' represents the complement ar- 
ray. 


As shown in Figure 1, the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either flip- 
flops or output circuits. Columns Q(N)o to 
Q(N)7 represent the next state which the flip- 
flops will be in. Columns B(O)9 to B(O)s3 
represent the combinatorial outputs Bo to B3. 


Each row represents an AND gate with 17 
inputs each of which may be true and/or 
complement and is, therefore, a perfect de- 
coder. Referring to the programming symbols 
in Figure 2, to implement the equation 


Z=A*B*C*D, 


all one has to do is to enter one line as shown 
in Table 2, term—-O. 
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e——_(LOGIC TERMS — T) ———————_8 ——____—— (CONTROL TERMS) ———————————————_-@__ £ 


Io [2] Rt ttt tt tp ttt atetetemnttt pt pt bo eee ee 
ee cee eeeess eee aeke seek En oo eee 


a ngs Tiree 0 
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ee 


Hg += = r al 


A oa oe : 
31° 2 2e 2 2© © 24 23° ee eee 
CK —$ t—_f7] CK 


LDO1681S 


NOTES: 
1. All OR gate inputs with a blown link float to logic ''0"’. 
2. All other gates and control inputs with a blown link float to logic ''1". 
3. - denotes WIRE-OR. 
Figure 1. FPLS Logic Diagram 
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Table 1. FPLS Program Table 
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The FPLS can be programmed by means’ ment the desired logic function are coded _In these Tables, the logic state or action of 
of Logic Programming equipment. directly from the State Diagram using the all I/O, control, and state variables is as- 
With Logic programming, the AND/OR-EX- Program Tables on the following pages. signed a symbol which results in the proper 


OR input connections necessary to imple- fusing pattern of corresponding links de- 
fined as follows: 


(T. Fo. L, P. R, Dy (T, Fo. LP. R, D)p (T, Fo. L, P. R, D)_ 


STATE CODE STATE CODE STATE CODE 
active’? | O | DONTCARE | — | 


LD00100S L000110S 


(Th. Fe) (Th. Fe) (Th. Fe) 


ACTION CODE ACTION CODE ACTION CODE 
INACTIVE!" | Oo: | Gkwenare® A PROPAGATE |e | TRANSPARENT | = | 


LD00130S 


"COMPLEMENT" ARRAY - (C) 


c Cc 


(Dy bp Pr Rp) (Dp Lp Pp Rp) 
CODE aerions __| Sap cove 
OR D 
|_PaoracaTe | * transeanent | -_| iontaorten | A sK zs 


L000160S L000170S LD00180S LD00190S 


"COMPLEMENT" ARRAY (cont.) "OR" ARRAY - (MODE) 


Dent 
M = DISABLED \ / 
Oo 
44, 


Tp STATUS CODE Tn STATUS 


ACTIVE (Set) | A | INACTIVE (Reset) 


L000202S LD00210S 


"OR" ARRAY - (Qn = D-Type) 


Figure 2 
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LD00221S LD00230S LD00240S 


POLARITY CODE POLARITY CODE 


L000260S LD00270S LD00280S LD00290S 


"EX-OR" ARRAY - (B) 


~ 


En 


ACTION CODE ACTION CODE ACTION CODE CODE 


LD00300S L000310S LD00320S LD00330S 


"OE" ARRAY -(E) 


NOTES: 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the |, B, or Q link pairs is left intact. 

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tp, Fe. 

4. E, =O and E, =e are logically equivalent states, since both cause F, outputs to be unconditionally enabled. 

5. These states are not allowed for control gates (L, P, R, D), due to their lack of ''OR'' array links. 


Figure 2 (continued) 
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Table 2. FPLS Program Table 
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Notice that only Ip to Ig on the left hand side 
and B(O),4 on the right hand side have entries 
to implement the equation. All unused col- 
umns are dashed out or dotted out. 


To implement the equation 
Y=/A* B * /C, 


enter one line as shown in Table 2, term-2 
where the entry ''H' represents the non- 
inverting input buffer while the entry "'L" 
represents the inverting buffer. To have the 
AND gate to be unconditionally ''High'', dash 
out all the inputs of that particular AND gate 
as shown in Table 2, term-4. The virgin 
condition of the device, as shipped from the 
factory, has all connections intact, which 
means that the inverting and the non-invert- 
ing buffers of the same inputs are connected 
together. Such connection will cause the 
AND gate to be unconditionally ''Low'' as 
shown in Table 2, terms 6 and 7. The 
unconditional High and Low states are nor- 
mally useful only internally and seldom 
brought out to the output pins. 


To implement the equation 
W=A * /B+C * /D, 


enter one line for A * /B and another line for 
C * /D as shown in Table 2, terms 9 and 10. 
Use one line to AND something together; use 
different lines to OR something together — 
one line per item to be OR'ed. 


All the pins which are labelled B's are bidirec- 
tional |/O pins. Their input buffers are repre- 
sented by the B(l) columns on the left hand 
side of the programming table. An ''H"' entry 
represents the non-inverting buffer and an 
"L'' entry represents the inverting buffer. 
Their output buffers are represented by the 
B(O) columns on the right hand side of the 
table. An ''A"' entry means that the output is 


active (connected to the AND gates); a "’. 
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entry means that the output is inactive (not 
connected). The outputs may be programmed 
to be inverting or noninverting. The polarity of 
each output is determined by its exclusive OR 
gate (Figure 1 and Figure 2). To have a non- 
inverting output, enter an ''H"' in the section 
labelled ''POLARITY'' (Table 1, Section E). 
To have an inverting output, enter an ''L''. For 
example, Table 3, terms—0O and-2 implement 
the equation 


Z=/(A * B) and Y=A* 8B 


respectively. The above two equations may 
also be implement by term-4 which uses the 
same AND gate to drive two OR gates. 


Besides being able to have programmable 
Active-High or Active-Low output, the pro- 
grammable output polarity feature also low 
output, the programmable output polarity fea- 
ture also allows the user to minimize his AND 
term utilization by converting his logic equa- 
tion into other forms such as conversion by 
De Morgan Theorem. 


For example, the equation 


X¥=A+B+C+D 


takes four AND terms to implement as shown 
in Table 3, terms 6 to 9. By using De Morgan 
Theorem, the same equation is changed to 


IW=/A * /B * /C * /D 


The result is as shown in term 11-a saving 
of three AND terms. The output buffers are 
disabled in their virgin states sa that they all 
behave as inputs. The buffers are enabled or 
disabled by their corresponding Control AND 
terms Do to D3 (see Figure 1). The Control 
AND terms are represented in the program- 
ming table on the last four rows on the left 
hand side. Dashing out all the inputs will 
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cause the output buffer to be unconditionally 
enabled, whereas a ''0'' (zero) will cause the 
buffer to be unconditionally disabled. The 
buffers may also be controlled by a logical 
condition, e.g. A * /B * /C, etc. 


There are eight flip-flops on the chip each of 
which may be programmed as a J/K or a D 
flip-flop, or they may be programmed to 
switch dynamically. As shown in Figure 1, 
each flip-flop is a J/K to begin with. A tri-state 
inverter is connected in between the J and K 
inputs of each flip-flop, which when enabled 
by the AND gate Fc, will cause the flip-flop to 
function as a D flip-flop. The inverters are 
enabled by Fc through fuses Mo to M7. A". 
in the F/F Mode entry of the programming 
table means that particular fuse is to be 
disconnected and that particular flip-flop is to 
be J/K. An '"'A"' entry will leave the M fuses 
intact, which allow the flip-flop to be D or J/K 
as controlled by the output of Fc (see Figure 
2, ''OR" ARRAY -(MODE)). The inputs to 
the flip-flops are represented by the program- 
ming table as the next state, Q(N)o to 7 since 
their inputs are from the OR array. The 
outputs of these registers are connected to 
their respective tri-state inverting output buf- 
fers, four of which are controlled by EA and 
the other four by EB. A'"'."' in EA will enable 
outputs Fo to F3, whereas a ''-"' will disable 
them. An ''A"' will allow the output buffers to 
be controlled by /OE, pin 11. Table 4, terms 
0, 1 and 3 represent the following equations 


Qo: J=A*C+/B*/E 
Qo: K=A*/C 


eq. 1 
eq. 2 


Notice that the J input in equation 1 is 
represented by the ''H"' entry in terms-—0O and 
1, column Q(N)g while the K input in equation 
2 is represented by the ''L"' entry in term-3, 
column Q(N)o. An undefined input, J or K, is 
considered ''Low"’. 
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Table 3. FPLS Program Table 


CODE NO. | FF MODE | &e | Ea | POLARITY 
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Table 4. FPLS Program Table 
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A D flip-flop may be implemented by first 
entering an ''A'' in F/F MODE. Then enter 
"0" in the row Fc, which will unconditionally 
enable the tri-state inverter between the J 
and K inputs. The following logic equation 
may be implemented as shown in Table 4, 
term 5 


Q;; D=/A * /B * /C +E. 


Notice that the entries in term 5, columns 
Q(N)o to 7 are ''A' and "'."' instead of ''H" 
and ''L" as in the case of J/K flip-flops. The 
entry ''A'' will cause the fuse connecting to 
the ''K"' input to be disconnected and the "J" 
fuse to be intact. Whereas the entry "'."' will 
cause both fuses to be disconnected. This 
feature enables the user to quickly recognize 
the mode in which the flip-flops are operating 
without having to go through the control 
terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an ''H'' and a''-"' may be used 
in place of ''A"' and ''."' respectively as shown 
in Table 4, terms 8 and 9. 


Of course, the term Fo may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes are controlled dynamical- 
ly. 


When both the J and K inputs are ''1's", the 
flip-flop will toggle. A simple 3-bit counter may 
be implemented using only AND terms as 
shown in Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 


the following: 
Qs: T = 1; (Qs toggles unconditionally) 
Qeb:T=Qs; (Qe toggles when Qs = 1) 


Q7: T=Q5*Qg; (Q7 toggles when Qs * 

Qe = 1) 
The above equations represent an octal up- 
counter. However, since the outputs of the 
flip-flops are inverted, the counting sequence 
of the outputs is that of a down-counter. 


The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 
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RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops Fo to F3, while 
PB and RB control F, to Fz. 


In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA and/or EB must be pro- 
grammed "A" or ''-'"' so that the output 
buffers may be disabled before loading. As 
shown in Figure 1, every flip-flop has an OR/ 
NOR gate the input of which is directly 
connected to the output pin and the outputs 
of the OR/NOR are connected to the K and J 
inputs respectively. This OR/NOR gate in- 
verts the input and feeds it to the flip-flop in a 
"wire-OR" fashion. Therefore, when loading 
data directly into the flip-flops from the output 
pins, caution must be exercised to insure that 
the inputs from the OR array does not inter- 
fere with the data being loaded. For example, 
if the data being loaded is a ''1"' on the output 
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pin, the J input will be a ''0"' and the K input 
will be a ''1"'. If, at the same time, a ''1"' is 
present at the J-input from the OR array, the 
flip-flop will see ''1's"' in both J and K inputs. 
It will toggle as a result. The OR/NOR gates 
are enabled by the Control AND terms LA 
and LB. LA controls flip-flops Fo to Fz and LB 
controls F4 to F7. 


All Control AND terms function and are pro- 
grammed in the same manner as the other 
AND terms. The only difference is that the 
Control AND terms are not connected to the 
OR array. 


The outputs of the flip-flops may be fed back 
into the AND array as the present state, Q(P). 
The output of the AND array into the OR array 
and the inputs to the flip-flops is the next 
state, Q(N). As an example, Figure 3 is a 
state machine implemented in a PLS159 as 
shown in Table 5, terms 0 to 6. 
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Table 5. FPLS Program Table 
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INTRODUCTION 

One of the many features of the PLS153 to 
159 series is the availability of individually 
controlled Tri-state |/O pins. Taking advan- 
tage of this feature, a Schmitt trigger may be 
constructed using one input pin, two bidirec- 
tional 1/O pins and additional components of 
three resistors. The two threshold voltages, 
as well as the hysterisis, are determined by 
the values of the three resistors and the 
parameters of the PLS153/159 device, which 
are 1) input threshold voltage, Vr}, 2) High 
output voltage, Voy, and 3) Low output volt- 
age, Vo.. The circuit may be simplified if 
Schmitt function is needed only on Low going 
High or High going Low, and if the hysterisis 
and threshold voltages are not important. 


DESCRIPTION 


A simplified block diagram of a non-inverting 
Schmitt trigger is shown in Figure 1 where R;, 
Ro, and Rj, Rg, form two pairs of voltage 
dividers one of which get into action at input 
voltage direction of High going Low and the 
other Low going High. Assuming that input 
voltage starts at zero volt, the output voltage 
is therefore at Vo, which causes Qz to pull Rg 
towards ground. As the input voltage in- 
creases, only a fraction of the voltage is 
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impressed upon the input buffer due to the 
dividing network R; and R3. As soon as the 
input voltage reaches a point where V; = Vry 
(VtH = 1.38V typical), the output switches to 
Von which, in turn, turns off Qo and turns on 
Q;. V; will jump to a value greater than Vy, 
and Q; then pulls the input pin, through Ro, 
towards Vox, which in turn locks the output to 
a High state even if the input voltage fluctu- 
ates, as long as it does not fluctuate outside 
of the designed hysterisis. When the input 
voltage goes from a High to a Low, the 
Schmitt function repeats itself except that Q, 
and Qo reverse their roles. 


The triggering voltages, Vj, (Low going High) 
and V, (High going Low) are: 

VH = VtH [(Ri + Ra)/R3] - Vor (Ri/Ra); 

Vi = VtH [(Ry + Ra)/Ral - Vou (Ri/Ro); 
where, at room temperature, Voc = 5.0V, 
lon/lo: < 1MA. Vr is the threshold voltage 
of the device, typically 1.38V; Vo, is the 
output Low voltage of the device, typically 
0.36V at | lo. | <1MA; Voy is the output 
High voltage of the device, typically 3.8V at 
| low | < 1mA. 


The implementation of Figure 1 using 
PLS153/153A is as shown in Table 1, and 
Figure 2a. A scope photo of the operation of 
the circuit is shown in the Appendix. The 


OUTPUT 


Vout 


implementation using PLS159 is shown in 
Table 2 and Figure 2b. In Tables 1 & 2, V; is 
the input pin, Vo is the output pin, Vo is the 
Output which pulls down V; and V3 is the 
output pin that pulls up V;. The Schmitt 
output is available at pin Bo for external use, 
and is available internally at the input buffers 
of Io and Bil). However, there is a propaga- 
tion delay between the two signals from the Io 
buffer and the B(l)o buffer. 


An inverting Schmitt triggered buffer may be 
constructed using the same principle. A sim- 
ple block diagram of such inverter is shown in 
Figure 3a. The circuit is implemented using 
H/L programming table as shown in Table 3 
for PLS153 and Table 4 for PLS159. Table 3 
is also represented in logic symbols in Figure 
3b. If the voltage levels (Vi and Vy) and the 
hysterisis are not critical, one |/O pin may be 
used to pull the input pin High and Low. 
Therefore one !/O pin and a resistor may be 
saved. The drawback is that the range of Vy 
and V, is quite limited. The circuit is as shown 
in Figure 4. 


If Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 


Vin 


Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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Table 1. PLS153/153A Programming Table 


POLARITY 
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NOTE: 
Schmitt trigger output may be obtained from both 19 and B(1)9 to drive the AND-ARRAY. 
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PLS153/153A 
TO OTHER AND TERMS 


a. Using PLS153/153A 


PLS159 
TO OTHER AND TERMS 


b. Using PLS159 


Figure 2. Schmitt Trigger 


June 1988 489 


Signetics Application Specific Products Application Note 


Schmitt Trigger Using PLS153 and PLS159 AN18 


Table 2. PLS159 FPLS Programming Table 


L 
tt 
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a. Simplified Block Diagram 


PLS159 
TO OTHER AND TERMS 


L001550S 


b. Using PLS159 


Figure 3. Inverting Schmitt Trigger 
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Table 3. PLS153/153A Programming Table 
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V, = 0.78V, V4 =1.6V 
TCO1890S 


Figure 4. Schmitt Trigger Using One I/O Pin 


INPUT » OUTPUT 


a. High Going Low Direction 


OUTPUT 


b. Low Going High Direction 
Figure 5. Schmitt Trigger 


APPENDIX A 
Output 
2 
> 
N 
Input 
o 5ms- div 
NOTE: 
Ry =3.9kQ, Ro = 10.8k22, Rg = 2.0k2, Voc = 5.0V, Ambient temperature = 25°C 
Figure A-1. A Non-Inverting Schmitt Triggered Buffer 
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INTRODUCTION 

This application note presents the design of a 
parity generator using Signetics PLD, 825153 
or 82S153A, which enables the designers to 
customize their circuits in the form of ''sum- 
of-products'’. The PLA architecture and the 
10 bi-directional |/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring be- 
tween pins. A logic diagram of the device is 
shown in Appendix A. 


The parity of an 8-bit word is generated by 
counting the number of ''1's"' in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a ''0"' if the 
parity is even, or a ''1"' if parity is odd. 
Conversely, an odd parity generator will gen- 
erate a ‘'0'' if the parity of the word is odd, or 
a ''1"' if the parity is even. This bit is then 
concatinated to the word making it 9-bits 
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long. When the word is used elsewhere, its 
parity may be checked for correctness. 


FEATURES 

@ Generates even and odd parities 
(SUMe and SUMo) 

@ SUM_ = ''1'' for even parity, ''0'' for 
odd parity 

@ SUMo =''1"' for odd parity, ''0'' for 
even parity 

®@ Generate parity or check for parity 
errors 

® Cascaded to expand word length 


DESCRIPTION 


The most straight forward way of implement- 
ing the parity generator/checker is to take the 
9-input truth table (8 inputs for the 8-bit word, 
and 1 input for cascading the previous stage) 
and put it in a 256 x 4 PROM. Since there 
are 2° combinations and half of them is odd, 
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the other half is even, the circuit will take 256 
terms. An alternative is to divide the 9-bits 
into 3 groups of 3-bits as shown in Figure 1. If 
the sum of the 3-bits is odd, then the interme- 
diate output SU1, or SU2, or SU3 equals 1. 
Otherwise it equals 0. The intermediate re- 
sults are grouped together and SUMo be- 
comes ''1'' if the sum is odd, otherwise 
SUMo equals ''0''. The circuit is implemented 
using AMAZE as shown in Figure 3. SU1 is an 
intermediate output for inputs lo, |; and lo. In 
the same manner, SU2 and SU3 are interme- 
diate outputs for lI3, I4, I5 and lg, I7, lg. The 
design uses up 16 product terms and 5 
control terms leaving 16 product terms and 4 
bi-directional I/O's to implement other logic 
designs. 


The design is tested by using the logic 
simulator provided by AMAZE. The input test 
vector is chosen to exhaustively test for all 8 
input combinations at all 4 sections of the 
circuit. 
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Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 
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LABEL FNC **F IN ‘ FNC ** LABEL 

+5V *#VCC 

/QO =**SUME 
**SUMO 
*#*N/C 
*#*N/C 
*##N/C 
*#*N/C 
*#*SUS 
*#* SUS 
*#*SU1 
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Figure 2. Pin List 
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HEHEHE HEHEHE PARGEN 9696369696966 36 26 EE EE Ee EE 

@DEVICE TYPE 

82S153 

@DRAWING 

HEHEHE HEH HEHEHE EHEHEHKEREHEH PARITY GENERATOR/CHECKER 

GREVISION 

HHH HEHEHE EHH HEE EKEHEHHEH HHH REV, — 

@DATE 

HHH TE IEE KHER KK /KK/I KKK 

@G@SYMBOL 

KEKE HEHEHE HHEKHHHHKHRHHHHEH FILE ID: PARGEN 

@COMPANY 

HEH HHH HEE HEE EEE EKER SIGNETICS 

@NAME 

@DESCRIFTION 

HEH HEH EH EHH HH HH HEH HH HEHEHE HEHE HEE HEHE HEE HEE HE HEE HE HEHEHE HEHE HEHE HEHE HEHE HEHE EE HEE HEE HE HEE HE HEE 
This circuit is a 9-bit parity generator/checker commonly used * 
for error detection in high speed data transmission/retrieval. * 
The odd parity output (SUMO) is high when the sum of the data * 
bits is odd. Otherwise it is low. * 
The even parity output (SUME) is high when the sum of the data * 
bits is even. It is low otherwise. * 

HEHE HEHE HE HIE EH EE HE EH HHH EE HHH EEE EH EHH HE EH HEHE EERE HEH EH 

@COMMON FRODUCT TERM 

@I1/Q DIRECTION 

HEHEHE HEHEHE HEHEHE HE HEHE EHH EH HHH HEHE HEHEHE HEE HEHEHE HEHE HHH HEHE HEHEHE NHR EEE 

* SUL, SU2 and SUS are outputs which are defined in the PIN LIST ¥* 

* and therefore they don’t need to be defined here again. * 

EEK KE HEHEHE KEKE HEHEHE HE KKH EK HEHE KEE HHH EKER HHH HH HHH HHH HHH HHH EHH HHH HEH 


GOUTFUT FOLARITY 

" 

HEI HEE HEE HE EK HHH HE EH EHH HEH HEE RH HH HHH HE HEE HE HEHEHE HEE HEE IEE HE HIE HEHE HEHEHE HE HEE 
* The output polarities of different outputs are defined in the * 
* FIN LIST. They don’t have to be defined again here. * 
HHH HK HHH KH HEHEHE HHH HH KIKI HH EHH HEHEHE HHH HEHEHE HK HHH HHH HEHE HHH EHH EHK EEE 


@GLOGIC EQUATION 


" 
FHKE HHH HE HH HH HEHE HH RH HHH HEHEHE KEELER HEE ERKERRERREKEHHEKKRHKKERHHRERE 
* SU1, SU2, and SUZ are intermediate terms * 
FH IEE EE HEE ETE EH TH EE IEE HE EH HHH HEHE RHEE REE KKH RKE KEKE RHE KR HHEKHHHE 
TRUTH TABLE 
INFUTS OUTFUTS 


SUME /SUMO 


fil * T1 
STL % a Ii 
/14 * 14 
/14 * /13 14 


/17 * 16 17 
18 /17 * /16 * <I7 


/SU1 * /SU2 * SU2 /SU1 * 2% /SUS 
SU1 * /SU2 * /SU2 SUL * 2 * SU3 


/(/SU1 * /SU2 * SUS + /SU1 * SU2 * /SUS + 
SUL * /SU2 * /SU3 + SUL * SU2 * SUS) ; 


TBOOS80S 


Figure 3. AMAZE Implementation of the Parity Generator/Checker Circuit 
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Table 1. Programming Table 
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FEET ETE HE IE HEHE HEHEHE HEHE TE HEE ETE TEE HE ETE HEHEHE HEHE TE HEHE TEE HEHE TE EE EEE EEE KE HEHE TE HEE HE EE EEE EE EE HE 
* This is a test pattern for the 39-bit parity generatar/checker 

+ Circuit. The simulator will use this file as an input te * 
* Simulate the logical function. * 
4 HE HE FETE FE IE HE ME HE HE HE FE FE HE TE HEHE TE HE TE TE HEHE HEHE HEE HEHEHE HEHE TEE HE TE HEHEHE HE HEE HE HEE HEHE IE EE HE TE EE EE IE HEHEHE HEHEHE HE HEE HEH 


au 


Q 


IIIIIIII 
7E543e212 
PLELE LIL 
HLAHLALL 
LHRLLHAL 
HHLHLLHL 
LLHLHHLH 
HLLHHLLH 
LHLLHLHH 
HHAHAAHHH 
uLT 


a a dl Be Bis A 
" This file is the result of logic simulation of the parity qenerator/checker 
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CU_rcui t« 


INFUTS 
76543210 


10110100 
01100110 
11010010 
OOLOL1OL 
10011001 
O1de98erodeii 
Litliiti 


Ss 

UU Sos 

MMBRBRUUUI 
E076543218 
PFEIFLI ISS TL 
LISP ETS EFA 
FLEF FIFI FI 
PLLA LEA TPL 
L4¢S SLITS 
FLPEI FLL STL 
FELLA ALI FFL 
S/IS414/774H 


:pargen.STD 


The inputs are read from input file FPARGEN. TST 


L=BR(I/0) => 
98763542210 


Als «0s kbLio 
LA. » s « LLHY 
LH...e-LHLI 
HL....LHHO 
LH...-HLLI 

» »«HLHO 

» HHLO 


OOIITIIOOO! 
OOTIIIOOO! 


FIN LIST. .« 


08 O7 06 


Oo5 O04 O83 OD? 


EXPECTED 
OUTFUTS 


BEEERE 

98321 
"ALLit 
“LHLLH 
“LALAL 
"HLLHH 
"LAALL 
“HLHLH 
“HLAAL 
“LIHHHH 


a. Input Pattern PARGEN.TST 


TRACE TERMS 


I/O CONTROL LINES 
DESIGNATED I[/0 USAGE 


ACTUAL 


b. Output File From SIMULATOR 


I/0 USAGE 


O1 19 18 17 16 15 14 13 


Figure 4. Test Vectors 
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1. All programmed ''AND" gate locations are pulled to logic ''1". 
2. All programmed ''OR"' gate locations are pulled to logic ''0". 
a Programmable connection. 
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Figure A-1. FPLA Logic Diagram 
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INTRODUCTION 

THE PLS168/168A is a bipolar Field-Pro- 
grammable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 R/S flip-flops. Out 
of the 14 flip-flops, six are buried State 
Registers (P,-Pg9), four Output Registers 
(Fo -F3), and four Dual-purpose Registers 
(Po -P3), which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to ''1"' at 
power-up, or may be asynchronously set to 
"1" by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin. Additional features in- 
cludes the Complement Array and diagnos- 
tics features. 


ARCHITECTURE 

As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Pp to P3 may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without exter- 
nal wiring. The AND/OR array is the classical 
PLA structure in which the outputs of all the 
AND gates can be programmed to drive all 
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the OR gates. The schematic diagram of the 
AND-OR array is shown in Figure 3. This 
structure provides the user a very structured 
design methodology which can be automated 
by CAD tools, such as Signetics AMAZE 
software package. The output of the PLA is in 
the form of sum-of-products which, together 
with the RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of synchro- 
nous finite state machines.) 


Design Tools 

A direct approach to implement a design 
using the PLS168/168A is the H/L table 
supplied in the data sheet as shown in Table 
1. The table is organized according to input 
and output of the PLA decoding network. The 
lefthand side of the table represent the inputs 
to the AND-array, which includes input from 
input pins and present state information from 
the feedback buffers which feedback the 
contents of the State Register. The righthand 
side of the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or un- 
programmed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 
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disconnected, or unprogrammed. The pro- 
gramming symbols are H, L, -, and 0. (See 
Figure 4 for details.) For inputs buffers, ''H"' 
means that the non-inverting buffer is con- 
nected, ''L'’ means that the inverting buffer is 
connected, ''-'' means that both inverting 
and non-inverting buffers are disconnected, 
and ''0"' means that both inverting and non- 
inverting buffers are connected which causes 
that particular AND-term to be unconditionally 
Low. On the output side of the table, ''H" 
means that the particular AND-term is con- 
nected to the OR-term on the ''S'' input of the 
particular flip-flop, ''L'' means that the AND- 
term is connected to the ''R'' side, ''-"' 
means that the AND-term is not connected to 
the flip-flop at all, and ''0'' means that the 
AND-term is connected to both the ''S'' and 
""R'' sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an AND- 
term. There are 48 AND-terms in the device. 
Therefore, there are 48 rows in the table. An 
example of implementing a transition from 
one state to another is shown in Figure 4a. 
The state diagram can be implemented by the 
PLS168 as shown in Figure 4b. The state 
diagram is translated into H/L format as 
shown in Figure 4c. The first column on the 
lefthand side of the table is for the Comple- 
ment Array which will be discussed in detail in 
the next section. 
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1. All programmed ''AND"' gate locations are pulled to logic ''1". 
2. All programmed ''OR"' gate locations are pulled to logic ''0". 
3. Programmable connection. 
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Figure 1. Logic Diagram of PLS168/168A 
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Table 1. PLS168/168A Programming Table 
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PURCHASE ORDER#® 
SIGNETICS DEVICE # CP (XXKX) 
CUSTOMER SYMBOLIZED PART « 
TOTAL NUMBER OF PARTS sinshstoceceipaets 


PROGRAM TABLE® — oe oe os ae eee 


oe ie me ae eee sree ern ee me ee ee ee te ee ee Oe ee 


INACTIVE 


ee 
Ls TU 
ae & 
cm one 
Ls TT 
pe Td 
po Tt 
pe TT 
pe tt 
Ee ae 
EE BRR RPE CRE ee Pee eee 
2 ERM RER RE SHAE ERR ERA Cee ee BEG REED 
ED GRRE RERREARERAERE RECS ARREARS 
EA SERRE RAMA CARRE ee BRR ERE 
Ee SRR PARR PR ee Lees eee 
Ch REPRE ERR EBERT ERED RE LAER EERE REE 
>t tit tr ee ee KE Re 
Ee BRR RRS PR eee Eee eee 
Lt tL BES Rs EERE DRE EA 
ES SERRA E RRA EARS RT CRRA ERE CRA 
LS SRR SARE RE ee Rae 
£2 BERR PERE ERR ES ERE eee eee See eee 
Lett itt BaP ERERREERES 2 ERR EEERER REAR 
£2 BERR Eee eee SERRE Eee 
EJ ERRMEASER AEE COR ERE RAE ee KERR ee 
Ee SERPs eee S60 See RRR 
2 BERR PR ee Pees eee 
Ck ARERR ERR SAREE RARE eS EER RRRAES ee 
£2 ERR REARS ARRAS ERR RERE SAE 
EE SSR PERE CRs SREB ERR 
Ee BERR PERE Bees SERRE Bees 
Ei SERER CRRA REE a2 LER REAEEE EE 
2 BERR RRR BRR eee PEs eee 
Lor TTT BEE CREE REESE RRR Ree 
as eee See eee OS DE PEASE 
<3 BERR SARA ARERR DE RRR EA ee 
CS BRERA EUS REARS PERE RE eee 
EE BERRRERRRERRA RRA ARERR eee 
Ce BRR RES REEREE BRR ee EER eee 
CE SER RRSRRE REARS ROSES EE BERRA Ree 
Ze SERRE REE EEREHRED OE FERRER Ke 
Peet yt Ta tt pe ttt tt 
Ce BRRR SASS SERS SASS R eee es eee Pee eeeeeee a8 
RSPAS rs (iin ici 


VARIABLE 
NAME 


503 


TB02030S 


June 1988 


Signetics Application Specific Products Application Note 


PLS168/168A Primer AN23 


OUTPUT 
12 INPUTS _. ap secunr cae 


AND/OR 
DECODER 


10 REGISTER STATE 
FEEDBACK REGISTERS 


LD02650S 


Figure 2. The Architecture of PLS168/168A 
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Figure 3. Schematic Diagram of AND-OR Array 
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a. State Diagram 
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c. PLS168 Programming Table 
Figure 4. Implementing State Machine with PLS168 


June 1988 506 


Signetics Application Specific Products 


PLS168/168A Primer 


LD02600S 


Figure 5. Logic Diagram of Complement Array 


Complement Array 

An additional feature is the Complement Ar- 
ray, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement Array 
is normally Low when one or more AND- 
terms are High. If all of the AND-terms are 
Low, then the output of the Complement 
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Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none of the AND- 
terms will be High. Therefore, the output /C 
will be High, which will then enable the AND- 
term S which in turn may be used to reset all 
registers to Low or High as predefined. The 
state machine thus escapes from being in an 
undefined state by using the Complement 
Array and one AND-term. Without the Com- 
plement Array an alternate way of escaping 
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from being in an undefined state is by defining 
all possible states which are not being de- 
fined. This method may require quite a few 
AND-terms depending on the design. Another 
application for the Complement Array is illus- 
trated by the following example. As shown in 
Figure 6, when the machine is in state 23, if 
input vector equals 1001, it will go to next 
state 24. If the input is 1101, then go to state 
25. But if the input is neither 1001 nor 1101, 
then go to state 03. It takes only two terms to 
implement the first two transition vectors. To 
implement the third vector ''go to state 03 if 
input is neither 1001 nor 1101'', the Comple- 
ment Array accepts the outputs of the first 
two AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will 
be Low, which causes the output of the 
Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated into AMAZE syn- 
tex as shown in Figure 6b, where all vectors 
are in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the AMAZE 
state equation syntex and the H/L format. 
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1001/OUT, 1001°1101/OUT, 


NOTE: 1001*1101 = 1001 +1101 


a. State Diagram 


WHILE [23] 

IF [1001] THEN [24] WITH 
[OUT1] 

IF [1101] THEN [25] WITH 
[OUT2] 

ELSE: [03] WITH [OUT9] 


b. AMAZE State Equation Syntex 


OPTION (PR/O | 
INPUT PRESENT STATE 


T 
Ri |. INPUT) 
M : : : 

SAHARA NRAAAR ee dints dea li lobule elev ola elelalaly 
oofalaiiciwe [1-11-11] DERAIOASSS OAAASS EEL ee 
ANOS SeSeee nRAnnSees eRe 

TEE =F pleted =a fete etal = ra 

COMPLEMENT 
EMENT “Tot | | 1 ee Ly Viseae 


BEET tor bet axl 
path tact _— 


c. H/L Format 


Figure 6. Application of Complement Array 
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AF02250S 


a. State Diagram 


WHILE [00] 
IF [0000] THEN [01] WITH [OUTO] 
IF [0001] THEN [02] WITH [OUT1] 
ELSE: [3F] WITH [OUT9] 

WHILE [01] 
IF [0010] THEN [03] WITH [OUT2] 
IF [0011] THEN [04] WITH [OUT3] 
ELSE: [2F] WITH [OUTS6] 

WHILE [02] 
IF [0100] THEN [05] WITH [OUT4] 
IF [0101] THEN [06] WITH [OUTS] 
ELSE: [2F] WITH [OUT7] 


b. AMAZE State Equation 


OPTION (PR/O a 
pCR 


INPUT PRESENT STATE 


T 
a 
iPS ele alelelaslalalalals zileles|eioie) oleate 


oof Ale fete le :-|—|-|-i-|-|-[-Je fe ede fete | fl] fie ke fe am [— || Fe fe fe [| 
ee AEB ett Beans Se Anns ese ie fele 


Poe iefe fee -[-[-[-Jalw al al al Hw -[-|-[-Ta [ele 


A DSSS SSeS ESSSS Senne eee 
(1 PRR RES RESRER e 
loa} Ale | Hie e -{-|-|-:—|-|-|-Je] ei elefale:-|-|-|- Je feie{afelai—|-|-|- 
oof 4] 4] mf oj mw: -|— | [-i-[-[— fF fe eee -[-|-[-9 [celal c -|-|-]-| eet 
lof e |-| -[|-|~-[-]-|-:-]-|-[-[e[eiclelale:-|-|-|-| He LAH 
Pan GAAARARA MESSRS ERS leh aatete HAAR 


c. PLS168 Programming Table 


Figure 7. Applications of Complement Array 
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Figure 9. Difference in Propagation 
Delay Due to Different 


0 0 
6 8 12 16 20 24 28 32 36 40 4448 6 8 12 16 20 24 28 32 36 40 44 48 P-Term Loading 


NUMBER OF TERMS NUMBER OF TERMS 


OP01610S OP01620S 
a. PLS168 Setup Time b. PLS168 Setup Time 
vs P-Term Loading vs P-Term Loading 
Figure 8 


PUT UNDETERMINED 


OUT 
DUE TO METASTABLE CONDITION 
OF FLIP-FLOP 


WFO07180S 


Figure 10. Change of tcxo Due to Metastable Condition of Flip-Flop 


June 1988 510 


Signetics Application Specific Products 


Application Note 


PLS168/168A Primer 


Optional Preset/Output Enable 
The PR/OE pin provides the user with the 
option of either using that pin to control the 
Tri-state output buffers of the Output Regis- 
ters, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are some- 
times used where the state machine is con- 
nected to a bus which is shared by other 
output circuits. It is also used during power-up 
sequence to keep the PLS168 from sending 
power glitches to other circuits which it drives. 
By programming the PR/OE pin to control the 
Tri-state output buffers, the preset function is 
permanently disabled. By programming the 
PR/OE pin to control the asynchronous pre- 
set of the registers, the output buffers are 
permanently enabled. While using the preset 
function to asynchronously preset the regis- 
ter, if a rising edge of the clock occurs while 
the preset input is High, the registers will 
remain preset. Normal flip-flop operation will 
resume only after the preset input is Low and 
the rising edge of the next clock. Setting the 
registers to a predefined pattern other than all 
Highs may be accomplished by using a dedi- 
cated p-term, which is activated by an input 
pin which will also inhibit all other p-terms 
which are being used. The inhibiting of other 
p-terms eliminates the problem of undeter- 
mined state of an RS flip-flop caused by 
having Highs on both R and S inputs. 


June 1988 


Diagnostic Features 

In debugging a state machine, sometimes it is 
necessary to know what is the content of the 
state register. The buried State Register may 
be read by applying +10V on lo, which will 
cause the contents of register bits P, to Ps, 
Pg to Pg to be displayed on output pins Fo to 
Fz and Po and P3 respectively. While the 
device can handle the +10V on pin lo, 
prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 10V. To facilitate more expedi- 
ent functional tests, synchronous preset vec- 
tors as described above may be used to set 
the State Register to different states without 
having to go through the entire sequence. 


Timing Requirements 

Since the PLS168 is intended to be a syn- 
chronous finite state machine, the inputs are 
expected to be synchronous to the clock and 
set-up and hold time requirements are ex- 
pected to be met. In general, the set-up time 
requirement is measured at its worst case as 
having the entire AND-array connected to the 
OR-term being measured and there is only 
one active AND-term to drive the entire line. 
The set-up time decreases from there as less 
p-terms are used. This is due to the capaci- 
tance of the unused AND-terms being re- 
moved from the line. Figure 8a shows the 
typical set-up time requirement of a PLS168A 
device. Figure 8b shows the normalized set- 
up time as a percentage of the worst case, 
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which is with 48 terms connected. In a typical 
state machine design, some flip-flops will 
change states more frequently than others. 
Those that change more frequently will have 
more p-term loading on its OR gates than 
those that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is in 
an undefined state. This problem often oc- 
curs with asynchronous inputs which is gener- 
ated totally independent of the clock on the 
system. A common remedy for the problem of 
asynchronous inputs is to use latches or flip- 
flops to catch the input and then synchro- 
nously feed it to the state machine. This 
minimizes the problem with the different prop- 
agation delays due to different p-term load- 
ing. But there is still a finite probability that the 
external latches or flip-flops will get into 
metastable condition, which may be propa- 
gated into the state machine. Nevertheless, 
the window for the flip-flops in state machine 
to get into undefined states or metastable 
condition is narrowed by a great extent. 
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APPENDIX A 


INTRODUCTION TO STATE 
MACHINE 


A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in hard- 


INPUT 
DECODER 


INPUT 
DECODER 
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MEMORY 
ELEMENTS 


MEMORY 
ELEMENTS 


ware, can run much faster than a computer 
running the sequence in software. Therefore, 
it is often used in controller applications 
where speed is important. 


Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental differ- 
ence of the two types are: the output of a 
Moore machine is a dependent of only the 


OUTPUTS CS 


OUTPUT 
DECODER 


Appendix A-1. Moore Machine Model 


INa/OUTa 


OUTPUT 
DECODER 


Appendix A-2. Mealy Machine Model 
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state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the 
logic sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 


STa IS PRESENT STATE 
OUTa IS OUTPUT VECTOR 


INa IS INPUT VECTOR 


STb IS NEXT STATE 
OUTb IS OUTPUT VECTOR 


AF02220S 


STa IS PRESENT STATE 


INalSINPUT VECTOR | 
OUTa IS OUTPUT VECTOR 


STb IS NEXT STATE 
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APPENDIX B 
LOGIC PROGRAMMING PRESET/OE OPTION - (P/E) 


The FPLS can be programmed by means of 


Logic programming equipment. PR/OE 

With Logic programming, the AND/OR gate - 

input connections necessary to implement — ‘ 
the desired logic function are coded directly 


from the State Diagram using the Program = — 


Table on the following page. aia 8018208 
In this table, the logic state or action of /——~preseT. | oH 


control variables C, |, P, N, and F, associated 

with each Transition Term Tp, is assigned €@ PROGRAMMING: 

symbol which results in the proper fusing The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 

pattern of corresponding link pairs, defined as __ State with all register elements (state and output register) at a logic high (H). When programming the device it 

follows: is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all highs (H) as the present state. 


"AND" ARRAY - (I), (P) 


ip ip 
LP 7 LP _ 
ip i,p 
Th T, Th 


LS01850S LS01860S LS01830S LS01840S 


/—wactive™ [0 | "pont cane [= 


"OR" ARRAY -(N), (F) 


LS01890S LSO1900S LS01870S LS01880S 


ACTION CODE ACTION CODE ACTION CODE ACTION | CODE | 


"COMPLEMENT" ARRAY -(C) 


T, Th T, 


n n 
LS01930S LS01940S LS01910S LS01920S 


CODE ACTION CODE ACTION CODE ACTION CODE 
INACTIVE’? =| Oo | GENERATE | A | PROPAGATE | e | TRANSPARENT | - | 


NOTES: 

This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp. 

Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact. 

To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see flip-flop truth tables). 
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,. 


ONS 
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DESCRIPTION 


The PLS173 is a 24-pin PLA device which has 
10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 10-bit 
comparator similar to the 74LS460 compares 
two 10-bit data inputs to establish if EQUIVA- 
LENCE or NOT EQUIVALENCE exists. The 
output has True and Complement compari- 
son status outputs. The logic diagram of the 
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Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which means that all the AND- 
terms are still connected to all the OR-terms. 
This feature provides for future modification. 
But if all the unused AND-terms are deleted, 
the device will run faster. There are also 
many unused AND-terms which will provide 
for future modification. But if they are deleted 
(both on the AND and OR side), it will amount 
to about 450uA per term power saving. Figure 
3 is the program table with all unused terms 
deleted. 


comparator is shown in Figure 1. 


Table 1. Function Table 


The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to AO 
and B9 to BO. If the input to A9-A0 is bit-to-bit 
equivalent to the input to B9-BO, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. 


Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 
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a. Pin List of 10-Bit Comparator 


Figure 2 
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AHHH HEHEHE ANDG 173 4911 EE 
@DEVICE TYPE 

82S173 

@DRAWING 


OCT-14-85 
AN2Z4_173 
SIGNETICS 


SECT SESH DAVID WONG 

@DESCRIFTION 

This circuit compares two i0G-bit inputs. If they are bit-to-bit equivalent, 
outputs EQ@ goes HIGH and NE goes LOW. If the inputs are not bit-to-bit equiv- 
alent to each other, outputs EQ goes LOW and NE goes HIGH. 

@COMMON PRODUCT TERM 


TO 
T1 
T2 
T3 
T4 
TS 
Té 
17 
TB 
T9 
Tio 
Ti 
T12 
Tis 
T14 
T15 
T16 
T1i7 
Tis 
T1i9 


* eK KEK KK RK KK KKK KK KK K 


‘ec “as wae ‘48 ‘28 ‘28 ‘48 (ee 28 a8 48 O8 et ek ws ek as ee ee as 


@1/0 DIRECTION 
GOUTPUT POLARITY 
@LOGIC EQUATION 


EQ /( TO + Ti + T2 + TS + T4 + TS + TK + 17 + TO + TF + 
TiO + Til + Ti2 + TiS + T1i14 + TiS + T16 + Ti7 + Ti8 + T19 ) H 


TO + T1 + T2 + TS + T4H + TS T&é + T7 + T8 + TOD + 
TiO + Til + Ti2 + Tis + T1i4 TiS + Tié + T17 + T1i8 + 


TB01780S 


b. Boolean Equations of 10-Bit Comparator 
Figure 2 (Continued) 
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c. Program Table of 10-Bit Comparator After Assembly of Boolean Equation File 
Figure 2 (Continued) 
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S173 A:AN24_173.STD 
AMAZE FILE ID: AN24_173 
LOGIC SIMULATION OF 10-BIT COMPARATOR 


<== INPUTS==> 
11 
109876543210 


000000000000 
010000000000 
100000000000 
110000000000 
000100000000 
001000000000 
001100000000 
000001000000 
000010000000 
000011000000 
000000010000 
000000100000 
000000110000 
000000000100 
000000001000 
000000001100 
000000000001 
000000000010 
000000000011 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 


PINLIST... 


<=B(1/0) => 


9876543210 
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OOOOHLOOO00 
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OOOOLHOO0O 
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OOOOHL 0000 
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O100HLOOO0O 
1 0OOOHLOO00 
11 00LHOOO0O 
0001HLOOOO 
0010HLOOOO 
0011LHOOO0O 
OOOOHLO100 
OOOOHL 1000 
OOOOLH1 100 
QOOOHLOOO1L 
OOOOHLOO10 
OOOOLHOO 11 
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TRACE TERMS 


I/O CONTROL LINES 
DESIGNATED I/0 USAGE 
ACTUAL I/O USAGE 


04 O3 O02 Pl 
iS 14 ; 


d. Test Vectors Generated by AMAZE After Logic Simulation 


Figure 2 (Continued) 
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Figure 3. Program Table of 10-Bit Comparator with All Unused Terms Deleted 
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APPENDIX A 
FPLA LOGIC DIAGRAM FOR PLS173 
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NOTES: 
1. All programmed ''AND"' gate locations are pulled to logic 1" 


2. All programmed ''OR"’ gate locations are pulled to logic ''0"’ 
3. ©» Programmable connection. 
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FEATURES 


® 100% functional replacement for all 
20-pin PALS 

@ |1/O propagation delay: 20ns (max) 

® Security fuse lock 

@ 10 inputs 

@ 8 bidirectional I/O lines 


® Tri-state outputs have programmable 
polarity 


®@ Architecture: 8 groups of nine AND 
gates. Total of 72 product terms 


® Software support on Signetics 
AMAZE 


® Complete TTL compatibility 


® Each bidirectional 1/O has individually 
controllable output enable 


ARCHITECTURE 

The PLHS18P8A is an oxide-isolated, bipolar 
field-programmable logic array. This device is 
configured as a decoding two-level AND-OR 
(sum of products) structure. The PLHS18P8A 
block diagram is shown in Figure 1. All the 
AND gates are linked to ‘ten inputs (Io — Ig) 
and eight bidirectional !/O lines (Big) — Bi7)). 
These links can be made via the on-chip 
true/complement buffers. The 72 AND gates 
are configured in 8 groups which contain 9 
AND gates each. In every group, eight AND 
gates are used for user-defined logic func- 
tions and the ninth AND gate is used as a tri- 
state output enable control. This gives the 
user capability to control the output enable by 
means of a product term. The outputs of the 
eight logical product terms are ORed together 
(see Figure 1). The output polarity of each OR 
gate is individually programmable via an Ex- 
clusive-OR gate. The user has a choice of 
Active-Low or Active-High on each of the 
eight outputs. Figure 2 shows the logic dia- 
gram of the PLHS18P8A. 


HOW A DEVICE IS 
PROGRAMMED 


There are three main programmable sections 
on the PLHS18P8A: 

A. The AND array. 

B. The output polarity. 

C. The security fuse. 
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A. The AND Array — The AND array fuses 
are back-to-back diode pairs which act as 
open connections in a virgin device. These 
open connections are configured as ‘Don't 
Cares' ('-') in an unprogrammed device. The 
open connections are pulled to a logic High 
('1') (see Figure 3). Consequently, all unpro- 
grammed AND locations are pulled to a logic 
High ('1') state. This means that in an unpro- 
grammed device, all the product terms are 
active. During fusing, current is avalanched 
across individual diode pairs. This essentially 
short circuits the diode and provides a con- 
nection for the associated product term. Fig- 
ure 3 shows how atypical connection is made 
to the AND array (see Appendix B for a 
description of the vertical fuses). 


The inputs to the AND array consist of 10 
dedicated inputs (lI0-19) and 8 bidirectional 
|/Os (B(0) - B(7)). Initially, all these inputs are 
configured as ‘Don't Cares' ('-'). These 
inputs can be connected to the AND array 
through an inverting or non-inverting buffer. 
The AND gate can be connected to the 
inverting buffer by programming the inverting 
fuse. Similarly, a connection can be made to 
the non-inverting buffer by programming the 
non-inverting fuse. Disabling an AND term is 
achieved by implementing a logical Low ('0') 
on the output of the specified AND gate. 
When both fuses of an input (e.g. 10 and 10) 
are programmed, both the inverting and non- 
inverting buffers are connected to the inputs 
of the AND gate. To achieve this a '0' should 
be entered on the program table under the 
specified input. This will in turn create a 
logical Low ('0') on the output. To avoid any 
glitches on the output, it is a good practice to 
program all inputs to force a logical Low ('0'). 


In each block of nine AND gates, one gate is 
used as an output enable control for the tri- 
state output (Terms 0, 9, 18, 27, 36, 45, 54, 
63, designated as D on Table 2). The remain- 
ing eight gates are connected to a fixed OR 
gate. Since in the unprogrammed state the 
outputs of all the AND gates are at logic High 
('1'), the output of the OR gate also acquires 
a logic High state. Therefore the user is 
responsible for deactivating any unwanted 
product terms. This is done by creating a logic 


Low ('0') on the outputs of the unwanted 
product terms as previously explained. More- 
over, the output buffer is always enabled 
since the product term controlling the tri-state 
output buffer also has a logic High state. If 
any of the bidirectional pins are to be defined 
as inputs, the product term controlling the 
specified bidirectional pin must be disabled. 
The bidirectional pin can also be configured 
as a dynamic |/O by defining the required 
logic for the output-enable-control product 
term. 


The actual programming of the PLHS18P8A 
is carried out according to JEDEC' standards 
and the specific programming algorithm de- 
veloped for the part. 


According to JEDEC standards on data prep- 
aration for the PLD programmer, a ''1'' speci- 
fies a high impedance for the specified fuse 
and ''0"' a low impedance for the designated 
fuse. 


For the AND array, the programming algo- 
rithm leaves the fuse intact (open-circuited) 
when a JEDEC ''1"' is specified. Consequent- 
ly, a JEDEC ''0"' programs and short circuits 
the specified fuse. The programming algo- 
rithm is different for the output polarity and 
will be explained in the next paragraph on 
Special Conditions for the Output Polarity. 


B. Special Conditions For The Output Po- 
larity — In an unprogrammed device, all the 
output polarities are configured as inverting 
buffers. In this state, the device will have logic 
Low on all its outputs. The outputs of the 
PLHS18P8A are configured as tri-state buf- 
fers. The two inputs of each Ex-OR gate are 
connected as follows: one input is connected 
to the output of the fixed OR gate. The 
second input is a connection to ground (logic 
Low) through a fusible link. 


As mentioned earlier, an unprogrammed fuse 
acts as an open connection which is pulled to 
a logic High. Therefore the output of the Ex- 
OR gate acts as an inverting buffer. When the 
fuse is programmed, there is a connection 
between ground (logic Low) and the input of 
the Ex-OR gate. This will cause the Ex-OR 
gate to act as a non-inverting buffer. 


1. For more information on standard data transfer format between the data preparation system and PLD programmer, refer to JEDEC — Solid State Engineering 
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Figure 1. Block Diagram of the PLHS18P8A 
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1. All unprogrammed or virgin 'AND"' gate locations are pulled to logic ‘'1"' 
2. All unprogrammed or virgin ''OR'' gate locations are pulled to logic ‘'1". 
3. ©* Programmable corrections. 


Figure 2. Logic Diagram of the PLHS18P8A 
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a. Unprogrammed Connection 


AND/OR 
INPUT 


b. Programmed. The Non-Inverting Buffer 


Figure 3. How a Fuse is Programmed 


is Connected to the AND Gate 


AND/OR 
INPUT 


OUTPUT 
POLARITY 


P =PROGRAMMED 
U =UNPROGRAMMED 


Figure 4. Output Polarity Definition 


Table 1. Programming Algorithm 


JEDEC SPECIFICATION 


1 — High impedance 
0 — Low impedance 


Figure 4 shows the definition of the output 
polarity for the PLHS18P8A. As can be seen, 
the output configuration of the PLHS18P8A is 
equivalent to an Ex-OR gate. 


The programming algorithm for the output 
polarity section of the PLHS18P8A is different 
from that of the AND array. For the output 
polarity a JEDEC ''1'' (high impedance) pro- 
grams (short circuits) the Ex-OR gate fuse, 
whereas a ''0'' (low impedance) leaves the 
fuse intact (open circuit). 


The programming specifications are transpar- 
ent to the user and do not need to be taken 


AND ARRAY FUSE 
PROGRAMMING 
ALGORITHM 


Fuse unprogrammed 
(open circuit) 


Fuse programmed 
(short circuit) 


OUTPUT POLARITY FUSE 
PROGRAMMING 
ALGORITHM 


Fuse programmed 
(short circuit) 


Fuse unprogrammed 
(open circuit) 


into consideration when designing with the 
PLHS18P8A. Table 1 shows the resulting 
programming algorithm from the JEDEC 
specification. 


C. The Security Fuse — Programming equip- 
ment used to program the PLHS18P8A are 
capable of determining the logic pattern 
stored in this device (see Appendix A). The 
security fuse can be blown to disable the 
programmer from reading the pattern in a 
programmed device. This feature adds a 
measure of protection for proprietary designs. 
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The procedure for programming this fuse 
depends on the programmer manufacturer 
and is explained in the manufacturer's opera- 
tions manual. 


DESIGN TOOLS FOR THE 


PLHS18P8A 

Many CAD tools such as Signetics' AMAZE 
software are available to implement designs 
using the PLHS18P8A. The AMAZE software 
enables the user to enter the design in the 
form of Boolean equations or via the program 
table shown in Table 2. This program table is 
a one-to-one map of all the programmable 
links of Figure 2. The following explains the 
implementation of designs using the program 
table. Also, an example on using the Boolean 
Logic Entry program of the AMAZE software 
is given. 


Using PTE (Program Table Entry) — As- 
sume that Z is a typical logic function with the 
following equation: 


Z=PO+P1 


Where PO and P1 are product terms with the 
following equations: 


PO=A*/B*C 
P1=/A*B* /D 


The program table in Table 2 is used to 
implement this equation. Table 3 shows the 
implementation of the logic function using the 
PTE. The first group of AND terms is used to 
implement this function. B(7) is used for the 
output, 10, 11, and !2 as inputs. 


— Term 0 is the direction control term. It is 
the tri-state output enable control term. 
Since Z is configured as an output, leaving 
Term 0 in its unprogrammed state causes 
the output to be unconditionally enabled. 


— Term 1 is the P-term labeled PO, where 
A*/B*C is designated by HLH in columns 
10, 11, and 12. 


— Term 2 is the P-term labeled P1, where 
/A*B*/D is designated by LHL in columns 
10, 11, and 12. 


— Terms 3, 4, 5, 6, 7. At least one input (or 
all the inputs) must be set to zero to 
disconnect these terms from the OR gate. 


— The output polarity for B(7) is H, and this is 
entered in the ‘Polarity’ section. 


Using BLAST (Boolean Logic And State 
Transfer) — The BLAST module in AMAZE 
can be used to implement the above equa- 
tion. Figures 5 and 6 show the pin list and 
logic equation format. Table 4 is the program 
table generated from these equations. 


2. Refer to Signetics Programmable Logic Data Manual! for a complete description of the AMAZE programmable logic development software. 
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POLARITY 
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Care (—) in the virgin state. 
3. All p-terms are active until programmed otherwise 


4. Unused p-terms must be disabled or programmed 


2. Unused | and B bits in the AND array exist as Don't 
with at least one pair of fuses 


1. The FPLA is shipped with all links open 


Notes 


INACTIVE 
DON'T CARE |— 


CF (XXXX) 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 
PROGRAM TABLE # 


CUSTOMER NAME 
PURCHASE ORDER # 
SIGNETICS DEVICE # 


VARIABLE 
NAME 


Table 2. Program Table 
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File Name : i18PRIMER 
Date : 3/22/1986 
Time : 13:52:54 


SHOREHEHHEEHEEOHEHHHH P IN LI 8S T ##0eeneeeeeeneeeeenee 


LABEL FNC ##PIN ++ LABEL 

ee ##VCC 

ee ##7Z 

+ ## INVERT 
## INPUT 
##BIDIR 
##/BDIR 
#4N/C 
+N /C 
#4N/C 
##N/C 


I 
I 
I 
I 
I 
I 
I 
I 
I 
ov 


Figure 5 


File Name : 16GPRIMER 
Date : 3/22/1986 
Time : 13:53:59 


@DEVICE TYPE 

PLHS1EPBA 

@DRAWING 

esccceccceceee PLHBSIBPBA PRIMER 


@REVISION 
seeseeeeveeeeee PLHS1GPBA REV ‘=’ 


@DATE 
eeeseeenv ee eee May 1986 


eeseseeeeeneeaeene PLHS16PB8A 


e@eeeeneeeven ened SIGNETICS 


QNAME 
eeseeveeeeesese Ali Gheisseri 


@DESCRIPTION 


Ah Lh Sh A Ah Mh Gh Mb A aE A ab AE A a a Bh A IEA Ab a A ab a eb a HH aH Ab ab a Hb EE a a a a ba 2 HH a ba ab a a a 
* This is an example of implementing equations for * 
* the PLHB1ISP8A using AMAZE * 
EE EEE SESE EEE EES 


@COMMON PRODUCT TERM 


PO =A * /B # C3 “ PO and Pi are used to declare common * 
Pl = /A * /B ® /D3 " product teras. = 
@I/0 DIRECTION 

D7 = 13 “ Defines B7 to be an output " 
Dé = 1g " Defines B& to be an output " 
DS = 0}; “ Defines BS to be an input ” 
D4 = Aj “ B4 an output when A is true otherwise an input " 
DS = By " BS an output when B is true otherwise an input " 
@OUTPUT POLARITY 

X7 = Of; “ Documents the output polarity as active high * 
X6 = ly " Documents the output polarity as active high _ 
X4 = 0; “ Documents the output polarity as active high * 
X3 = iy " Documents the output polarity as active high “ 


@LOGIC EQUATION 
“Examples of some simple equations ' 
Z = PO + Ply 
INVERT = /( INPUT )3 
BIDIR = /BDIR # B x 


/BDIR = /( A *# C # D # /Z # INVERT # INPUT # BIDIR ); 


Figure 6. Boolean Equation File 
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Programmers 

The PLHS18P8A can be programmed by 
means of logic programming equipment. With 
Logic Programming, the AND/Ex-OR gate 
input connections necessary to implement 
the desired logic are coded directly from the 
logic equations using the program table 
shown in Table 2. 


The symbols used in the program table corre- 
spond to the fusing pattern of the corre- 
sponding link pairs, defined in Figure 6. 


To program the device, the address of every 
fuse to be programmed must be entered in 
the programmer. This is a tedious and error- 
prone method of implementing the required 
logic pattern. Using CAD software, such as 
Signetics' AMAZE software, enables users to 
go directly from program table or logic equa- 
tions to a fuse plot. The fuse plot can be 
downloaded to a programmer through a serial 
port. The downloaded fuse plot is in JEDEC 
format. 


APPENDIX B 
The vertical fuse is the latest in programma- 
ble logic technology. It combines reliability, 


low capacitance and testability in an incredi- 
bly small space. 


The vertical fuse takes advantage of the 
properties of silicon and aluminum. The virgin 
fuse is a three-layer device: a shallow layer of 
N-type silicon on top, a layer of P-type silicon 
in the middle, and a layer of N-type silicon on 
the bottom. This forms a pair of PN diodes, 
back-to-back, which will not allow current to 
pass under normal circumstances. 


There is a cap of aluminum on top of this 
structure. During programming, high current 
conditions (50 to 100 times what is seen 
during normal operation) is induced by ava- 
lanche breakdown of the reverse-biased di- 
ode. The aluminum will ''spike'’ through the 
shallow N-type layer. Once the aluminum has 
spiked through, the top diode in the pair is 
shorted out. The whole vertical fuse will then 
look like a pure PN diode. Before program- 
ming, the fuse is an excellent blocking ele- 
ment, having current leakages in the order of 
nanoamps. After programming, the fuse is set 
as a small, well-defined diode. 


QUALITY 

Besides the AC and DC parametrics, each 
and every fuse goes through three tests for 
forward characteristics, reverse characteris- 


Table C1. Test Columns of PLHS18P8A 
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tics, and programmability. Extensive on-chip 
test circuitry ensures full AC parametric test- 
ing before and after the part is programmed. 
This insures that the customer receives the 
highest possible fusing yield which is made 
possible by vertical fuses. Vertical fuses also 
offer the smallest and fastest array structure 
together with the highest reliability possible. 


APPENDIX C 


Test Array 

The PLHS18P8A may be subjected to AC and 
DC parametric tests prior to programming via 
an on-chip test array. Table C1 shows the 
test columns in the part. The test sequence is 
as follows. 


Test column 1 is connected to B(O)0, 2, 4, 6 
while test column 2 is connected to B(O)1, 3, 
5, 7. Applying 10V to Pin 11 will put all the 
outputs in the Active-High mode and tri-state 
its associated input buffer. 


Applying 10V to Pin 8 will disable B(O) 0-3, 
enable B(O) 4-7, tri-state B(l) 4-7, tri-state 
its associated input buffer, disable the AND 
array and enable test columns 1 and 2. The 
test columns are defined during programming 
by the PLD programmer. 
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INTRODUCTION 

The PLHS473 is a 24-pin field- programmable 
logic array (FPLA) which has 11 dedicated 
inputs, 2 dedicated outputs and 9 bidirection- 
al |/Os. The logic array consists of 24 pro- 
grammable product terms which are connect- 
ed to 22 programmable OR terms in the 
classical PLA architecture. A functional dia- 
gram is shown in Figure 1. The shaded areas 
represent programmable interconnects be- 
tween vertical and horizontal lines. Eleven 
dedicated inputs, Ig to l49, are located on the 
upper lefthand corner of the diagram, and the 
9 bidirectional |/Os, Bp to Bg are located on 
the lower righthand corner. All inputs to the 
AND array have true and inverting input 
buffers. The output portion of the 9 bidirec- 
tional |1/Os and 2 outputs may be pro- 
grammed to be Active-High or Active-Low by 
altering fuses Xp to Xg, Xa and Xg which are 
connected to one leg of the Exclusive-OR 
gates. Each output is connected to two OR- 
terms, one of which provides the logic func- 
tion OR to the output while the other provides 
the ENABLE function for the tri-state output 
buffer. Alternatively, each output may be 
configured to emulate an open-collector out- 
put by programming the output to an uncondi- 
tional LOW and apply the logic function on 
the tri-state controlling OR-term as shown in 
Figure 2. In addition, the PLHS473 has a 
security fuse which may be programmed to 
lock out unauthorized access to the fuse map 
of the design. 


This device is fabricated with an oxide-isola- 
tion process for the best speed/power perfor- 
mance. The programmable element is a ''ver- 
tical fuse’’ which is actually two PN diodes 
connected back-to-back (anode-to-anode 
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stacked on top of one another) as shown in 
the insets of Figure 1. The fuses are normally 
open-circuited. To program a fuse, a suffi- 
ciently high voltage is applied across the two 
diodes such that one diode breaks down 
which induces metal migration across the PN 
junction of the avalanched diode. This tech- 
nology allows smaller chip size and faster 
speed performance. The guaranteed propa- 
gation delay may be tested by using the two 
factory-programmed test columns and a test 
row as a test vehicle for speed testing. These 
test columns are to be deleted automatically 
in the process of programming. 


The vertical fuses of an unprogrammed de- 
vice, being normally open-circuited, set all 
AND terms to a High state and disconnected 
to all OR terms. The OR terms are normally 
Low when they are not connected to the AND 
terms. Once an AND term is programmed to 
make connections with the OR array, it can- 
not be disconnected. However, AND terms 
may be disabled by having the true and 
inverting input buffers (e.g., A * /A, B * /B, 
etc.) of all inputs connected to the AND term 
which is to be disabled. 


While even a single input, (A * /A), will hold 
the AND term to a Low, glitches may develop 
if the input voltage changes state. Therefore, 
it is recommended that the complementary 
buffers of all inputs in the disabled AND term 
be connected. 


Programming the PLHS473 

The programming table and symbols of the 
PLHS473 are shown in Table 1 where there is 
a place for every function that is shown in 
Figure 1. The table is divided into two main 
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sections. The left side of the table, sections A 
and B, represents the input side of the AND 
array (section A has all dedicated inputs lp to 
149, section B has inputs from the bidirectional 
|/Os Bo to Bg), whereas the right side, sec- 
tions C, D, and E, represents the outputs of 
the OR array. Section C represents the OR 
array which controls the tri-state output buf- 
fers of the bidirectional |/Os Bop to Bg and 
outputs Oa and Og, while section D repre- 
sents the OR array which drives the outputs. 
Section E controls the output polarity of each 
output. As shown in Table 1, the program 
table is very similar to a truth table. Each row 
represents one of the 24 product terms, while 
each column in sections A and B represents 
an input to the 24 product terms and in 
sections C and D, each column represents an 
output. The intersection of a column and a 
row in sections A and B represents four 
possible fuse configurations, namely, 1) both 
inverting and non-inverting input buffers are 
connected to the AND term, 2) only the 
inverting buffer is connected, 3) only the non- 
inverting input buffer is connected, and 4) 
both inverting and non-inverting buffers are 
disconnected. These four configurations are 
represented as "0", "L", "H'", and "-", 
respectively. Each intersection of arow anda 
column in sections C and D involves only two 
fuse configurations, either connected or dis- 
connected. Therefore, the entry there is ei- 
ther ''A"' or ''-"', respectively. In the polarity 
control section (section E), each square rep- 
resents the configuration of the fuse connect- 
ed to the Exclusive-OR, which is connected 
to a particular output pin. An ''H"' represents 
an Active-High or non-inverting output, an 
"L" represents an Active-Low or inverting 
output. See Table 1 for further details. 
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NOTES: 
1. All unprogrammed or virgin ''AND"' gate locations are pulled to logic ''1"' 


2. All unprogrammed or virgin ‘'OR'' gate locations are pulled to logic ''0". 
3. Programmable connections. 


Figure 1. PLHS473 Logic Diagram 
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SUM-OF-PRODUCT 


OUTPUT = 
/(SUM-OF-PRODUCT) 


TC11320S 


Figure 2. Emulation of Open-Collector Output 


Notice that as shown in Figure 1, all fuses in 
their unprogrammed state are normally open- 
circuited. This means that all product terms 
are initially disconnected to the OR array, all 


Table 1. PLHS473 Programming Table 


CUSTOMER NAME 
PURCHASE ORDER # 


CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 


VARIABLE 
NAME 
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SIGNETICS DEVICE #___ SSC’ (X XXX) 


PROGRAM TABLE # sds REV____ DATE 


OR gates are initially at a logic LOW, and all 
output pins are initially in High-Z state. There- 
fore, if anys of the outputs are to be enabled, 
its controlling OR term must be set to a logic 
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INACTIVE | © 
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el TTT Lt slalaleaiela als al 


Notes 
Don't Care (-) in the virgin state. 
Virgin array. 


The FPLA is shipped with all links open. 
Unused | and B bits in the AND array exist as 


All P-terms are inactive on all outputs (B, O) in the 


Unused product terms can be left blank. 


HIGH. An example is shown in Table 2, term 
0 where pins Og, Og B(O)g are programmed 
as dedicated outputs. The input section of 
term 0 is entirely ''dashed out'' (this is actual- 
ly its unprogrammed state) which causes the 
AND term to be unconditionally HIGH. OR 
terms E,, Eg, and Dg are connected to 
product term 0 by the ''A" entries in their 
respective squares. The rest of the D section 
and the B(O) section are ''dotted out'' (left 
unconnected) since we are not concerned 
with them for the moment. If more outputs are 
needed later on, their corresponding squares 
may be changed to ''As'"' from ''dots'' as the 
need arises. 
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OUTPUT POLARITY — (0, B) 


ACTIVE LEVEL CODE 


ACTIVE LEVEL | CODE | 


TCO2560S TC02570S 


AND ARRAY — (I, B) 


1,B 
,B _ 
1,B 
Pp 
STATE CODE STATE | CODE 


DON'T CARE’ | - | INACTIVE? | 0 | 


TC02600S TC02630S 


P Pp 
+D— , 
P,, STATUS CODE P,, STATUS | CODE | 
INACTIVE ' ° 


TC02580S TC02590S 


OR ARRAY —(O, B) 


NOTES: 
1. This is the initial unprogrammed state of all link pairs. 


2. Any gate P, will be unconditionally inhibited if any one of its (I, B) link pairs is programmed for a 


connection. 


INPUT-1* INPUT-2 
(INPUT-1* INPUT-2) +(INPUT-3* INPUT-4) 


INPUT-3*INPUT-4 === 


O-C = (INPUT-1* INPUT-2) +(INPUT-3* INPUT-4) 


TC11330S 


Figure 3. Emulation of Open-Collector Output 


June 1988 532 


TC02610S TC02620S 


VIRGIN STATE 


A factor shipped virgin device contains all 
fusible links. 


1. All output at ''L"' polarity. 
2. All P, terms are enable. 
3. All P, terms are active on all outputs. 
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Once we have determined the outputs, we 
can proceed with defining the logic functions. 
As an example, the logic function 


OUT-0 = INPUT-1* /INPUT-2 


is shown in Table 2, term #2 where in the 
column labeled "INPUT-1"', an ''H" is en- 
tered to represent a connection of the non- 
inverting input buffer of INPUT-1 and the AND 
term 2. In the column labelled ''INPUT-2"', an 
''L'' is entered to represent the connection of 
the inverting input buffer of INPUT-1 and the 
AND term 2. On the output side of the table, 
Og in term 0 is programmed ''A'' to make a 
connection between term 2 and the OR term 
which is connected to the output pin Og: The 
output polarity of Og is arbitrarily set to 
Active-High by programming an ''H"' in the 
Og column of the polarity section. 


A sum of several product terms (AND-OR) is 
implemented by connecting multiple AND 
terms to the same OR term. An example is 
shown in Table 2, terms 4 and 5, which 
implement the logic function 


OUT-1 = (INPUT-1 */INPUT-2) + 


(INPUT-3 * INPUT-4) 
The logic function 


OUT-2 = /((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 


is shown in terms 9 and 10. The output is 
Active-Low as programmed ''L"' in the polari- 
ty section of OUT-2. As a rule, the AND 
function is implemented in a row, whereas the 
OR function is implemented in a column. 
Since the AND portions of terms 2 and 4 are 
the same, they may be combined as shown in 
term 7, which saves a duplicated term. 


Table 2 terms 12 and 13 together emulate an 
open-collector output as an example. The 
logic equation 


O-C = /((INPUT-1 * INPUT-2) + 
(INPUT-3 * INPUT-4)) 
is implemented by first programming O-C 
Active-High in the polarity section. Terms 12 
and 13 implement the sum of product func- 


Table 2. Examples of Programming PLHS473 


CUSTOMER NAME 
PURCHASE ORDER # 
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SIGNETICS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # REV 
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Don’t Care (-) in the virgin state. 


virgin array. 
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3. All P-terms are inactive on all outputs (B, O) in the 


4. Unused product terms can be left blank. 


tion. Notice that the B(O) of O-C is pro- 
grammed as a ''dot'' in both terms 12 and 13, 
which, together with the polarity control, 
causes it to be unconditionally Low, since a 
disconnected OR term is unconditionally Low. 
The intersections of column D7 and terms 12 
and 13 are programmed ''A"’ so that the tri- 
state output buffer of B(O)7 is enabled at 
input conditions (INPUT-1 * INPUT-2) = 1 or 
(INPUT-3 * INPUT-4) = 1. Terms 10 and 11 
may be represented as shown in Figure 3. 


Signetics produces a software package, 
AMAZE, as a design tool which assists imple- 
mentation of logic design and documentation. 
For further information on AMAZE software, 
refer to the AMAZE User's Manual. Two 
simple circuits shown as examples are imple- 
mented using AMAZE. The first circuit is a 
simple cross-coupled RS latch. The second 
circuit is a multiplexer/demultiplexer which 
multiplexes four inputs to one output or dem- 
ultiplexes one input into four outputs. Both 
circuits are put into the same PLHS473 de- 
vice. 


~ 
3 
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File Name : 473PRIME 
Date : 9/4/1986 
Time : 15:53:28 
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Figure 4. Pin List 


File Naae ; 473PRIME 
Date : 9/4/1986 
Ti@e : 15:54:14 


@DEVICE TYPE 
PLHS473 
@DRAWING 
@REVISION 
@DATE 
QSYMBOL 
File name = 473PRINE 
@COMPANY 
@NAME 
@DESCRIPTION 
@COMMON PRODUCT TERM 
€1/0 DIRECTION 


"The 1/0 DIRECTION definition is optional, and @ay be defaulted 
to the PIN LIST unless it is bidirectional and is controlled by 
a logic equation. ” 


“eeecceeacaeeeeeeeeed 1/0 DEFINITION FOR R/S LATCH teteeetteetetecete © 


D8 = 1; “ Each output aust be defined seperately by its own 
logic equation. * 
at; 


“geecaeeeceeeaee 1/0 DEFINITION FOR MUX/DEMUX CIRCUIT teteeteteteatee * 


; “When DIK = 1, B3, B2, BL, BO become autputs. Data flows 
troe F to A, B,C, 0 ” 


DIR ; 
DIR ; 
DIR ; 


D5 = /DIR , "When DIR = 0, BS becomes an output, output buffers 
of BO to B3 are disabled. Data flows froa A, 8, C, 
Dtof. * 


TBO03180S 


Figure 5. Boolean Equations 
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@OUTPUT POLARITY 


“ The definition of output polarity 15 optional and may be defaulted 
the FIN LIST. * 


" etteteteeeetttt POLARITY DEFINITION FOR R/S LATCH teatteeetetee * 


8B, X7 213 * Qutputs with the same polarity aay be defined 
in the Same equation. Since the outputs Q@ and 
QNOT are defined as active LOW, this equatian 
causes the X0R to function as an inverter. " 


* ebeeeeeeee POLARITY DEFINITION FOR MUX/DEMUX CIRCUIT ttteteeeeee ” 


X93, X35, 42, Ki, XO = Oy * Outputs BO, B1, B2, B3, BS are active 
HIGH. “ 


@LOGIC EQUATION 


" geeeEREREEEEREEREE EQUATIGNS FOR R/S LATCH te eeeeteeteeececeeeeee * 


= /\ /9 # QNOT | 3 “ The equation aust used the toraat 
output = /( » )} since output 
@ 1s defined as active LOW. ” 
ONOT = /( /R*#Q); 
" geeeeaeeetetet EQUATIONS FOR MUX/DEMUX CIRCUIT kaeetedeeteceeeeeee " 
F=( A # /S0 # /S1 | 
{Bt $0 # /S} 
{Cf *# /SO# SI 
(D# SO* St 


# /50 # /31 
# SO # /S1 } 
*/$0 # Si} 
* SQe 5 


Figure 5. Boolean Equations (Continued) 
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Figure 6. Program Table = 
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The general technique underlying the opera- 
tion of this A/D converter is illustrated by the 
fuctional block diagram in Figure 1. The 
system consists of a D/A converter, a com- 
parator circuit, and digital logic circuitry. The 
digital logic circuitry outputs a digital vaue 
which is converted to analog by the D/A 
converter. 


The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial conver- 
sion is completed in 13 clock cycles. If 
tracking mode is used, the A/D converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 
to make an A/D conversion in one clock 
cycle if the input changes less than the value 
of 1-LSB per clock period. The conversion 
may be halted and the digital output, as well 
as the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog sample/hold 
will decay due to charge leakages. 


In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Signetics NE5105 data sheet for details on 
output latches of voltage comparators). 


The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 


ANALOG INPUT 


TRACK 
HOLD 
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High-Speed 12-Bit Tracking A/D 
Converter Using PLS179 


Application Note 


keep the input to the ADC from changing. The 
DONE output may be used to control the 
sample-and-hold if needed. 


This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope of this paper. 


SAR 

Two PLS179s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the A/D converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After 
the/ST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to half- 
scale (1000 0000 0000) and the DONE flip- 
flop is reset to output 0 which causes the 
open-collector output /DONE_OC to become 
high impedance. The digital output is convert- 
ed by the DAC and is compared to the analog 
input voltage by the comparator. If the digital 
output is greater than the analog input, the 
SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (0100 0000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (0010 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 


ST 
12-BIT SAR 
AND 
UP/DOWN COUNTER 


LATCH 
ENABLE 


COMPARATOR 


12-BIT DAC 


The SAR keeps shifting to the right until the 
digital output is less than the input. When the 
output is less than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 1000 0000. The output 
is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 12 
bits have been operated on. The last bit (Bit 
0) is always changed from 0 to 1, which is 
used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/DONE_OGC, to 0. 


UP/DOWN COUNTER 

After DONE becomes 1, if /ST and /HOLD 
are 1 and /TRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will decre- 
ment by 1. When /HOLD becomes 0, the 
counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for direc- 
tional control. The counter will operate only 


DONE 
DONE_OC 
CLOCK 1 
CLOCK 2 


12-BIT DATA OUTPUT 


BD09730S 


Figure 1. Functional Biock Diagram of 12-Bit High-Speed A/D Converter 
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pp 
ca 
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DONE 
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12-BIT 
DIGITAL 
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CLOCK 1 


| LATCH ENABLE 


COMPARATOR 


12-BIT DAC 


Vin (ANALOG INPUT) 


LDO7890S 


Figure 2. Schematic Diagram of 12-Bit High-Speed A/D Converter 
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after the approximation cycle is completed 
and DONE is 1. 


Since the /ST and /HOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a metasta- 
ble condition from happening, these inputs 
close-up are latched by flip-flops /START of 
U1 and /HLD of U2 respectively. Once they 
are latched, subsequent operation begins at 
the rising-edge of the next clock. The output 
of the comparator may be latched to prevent 
setup time violation. (Signetics NE5105 is a 
high-speed comparator with an output latch. 
External latch may be used with other com- 
parators.) 


CLOCKS 

U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCk2 is used to drive the clock- 
inputs of the PLS179 devices. 


The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 


| — tpo < 25ns 


CLOCK 2 
ST | 


BITS 0-11 


DONE 


DONE_OC 


June 1988 


should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1000pF for 
best results (see Ap Note AN13 for more 
detail). 


DONE AND /DONE__OC 

The output DONE is reset to 0 when /ST is 0. 
lt remains O until the approximation cycle is 
completed. After the least significant bit be- 
comes 1, the DONE bit becomes 1 at the next 
clock. It remains 1 until it is reset again by 
input /ST. 


The /DONE_OC output is configured to emu- 
late an open-collector output. The output is 
programmed to have a logic 0. When DONE 
is 0, the Tri-state output buffer is set to Hi-Z 
condition. As soon as DONE equals 1, the Tri- 
state buffer is enabled and /DONE_OC be- 
comes 0. 


In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 


i : ty > 1 CLOCK PERIOD 
| 


SUCCESSIVE APPROXIMATION 
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the front end. The DONE output may be used 
to control the analog sample/hold circuit. 


INPUT LATCHES 

Flip-flop /START and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, /ST, and the output /START have the 
same polarities. Flip-flop /HLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. The 
output /HLD and the input /HOLD have the 
same polarities. 


AMAZE INPLEMENTATION 

The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state ma- 
chine (file name: ADCS.SEE). It is then parti- 
tioned into two PLS179s after proper pin 
assignments are made. Then the up/down 
counter, input latches, 2-phase clocks and 
the open-collector output, are implemented 
by using Boolean equations in their respec- 
tive .BEE files (file names: ADCB1.BEE and 
ADCB2.BEE) in AMAZE. The files are then 
assembled to produce the fuse-maps of 
PLS179 (ADCB1.STD and ADCB2.STD). 


CLOCK 1 JUUULUULUU LULL UU LLL 


DATA VALID 


WF 205/0S 


Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: STATE EQUATIONS OF SAR 


File Name : ADCS 
Date : 10/21/1986 


Time =: 11:22:14 


@DEVICE SELECTION 
ADCB1/PLS179 
ADCB2/PLS179 


@STATE VECTORS 
{C /START, BITit, BIT10, BIT9, BITS, BIT7, BITS, BITS, BIT4, BITS, BIT2, 
BIT1, BITO, DONE } 


INIT 
HALFSCALE , 
ST2048 
ST1024 
ST512 
ST256 
ST128 
ST64 
STS3S2 
ST16 
sTs 
ST4 
STz2 
STi 


Lo) 
| 
' 
! 
1 
| 
! 
| 
| 
1 
| 
| 
| 
| 


“START CONVERSION PROCESS" 
"SET SAR TO HALF SCALE” 
“PRESENT STATE = 2048 (HALF SCALE)" 


bain nadb nb nbd wb wea 
corvnocvonvouvocoocccae 
ee “a8 ae 48 we as we 48 we 48 we 48 we et 


Cn eel ot oe oo oe OE el oo oo oe | 

! 

| 

! 

{ 

i 

~ 

io) 

°o 

(o) 

° 

© 

oO 
co0o0oooooooocoo 


4D1024 
ADS12 
AD256 
AD128 
AD64 
ADS2 
AD16 
ADS 
AD4 
AD2 
AD1 
END 


“ADD 1 BIT TO THE RIGHT" 


Houow ou 
| 
I 
| 
~ 
! 
I 
| 
| 
| 
I 


oun bat bu 


ee (48 ee 48 ae a8 ee 8 ee at ee 88 


t 
| 
| 
| 
| 
| 
-_ 
| 
! 
I 
ooogoo0ogcgo0 708 


SH1024 = QOle= =<sS=—' =s== = 
SHS12 
SH256 
SH128 
SH64 
SH32 
SH16 
SH8 
SH4 
SH2 
SH1 
SHO 


“SHIFT ONE BIT TO THE RIGHT" 


Hibben hb ht bb nea 
! 
| 
! 
| 
| 
! 
2) 
_ 
| 
| 
| 
! 
| 
| 


| 

| 

| 

! 

| 

° 

~ 

| 

| 

| 
ooooo0oocvo00o ocd 
as 40 we 48 se 8 we 48 ee a8 ws ae 


@INPUT VECTORS 
C COMPARE 
GREATER 
LESS 


“IF DIGITAL QUTPUT IS GREATER THAN ANALOG INPUT, ...." 
"IF DIGITAL QUTPUT IS LESS THAN ANALOG INPUT, ...." 


b 
b 


1 
Qo 


@OUTPUT VECTORS 
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APPENDIX A: STATE EQUATIONS OF SAR (Continued) 


@TRANSI TIONS 
WHILE C INIT J 

IF C3 THEN C HALFSCALE 1 "INITIALIZE REGISTER TO HALF SCALE" 
WHILE C ST2048 j 

IF C GREATER J] THEN C SH1024 J] “IF GREATER THAN, SHIFT 1 BIT" 

IF € LESS J] THEN C€ AD1024 J "IF LESS THAN, ADD 1 BIT" 
WHILE C€ ST1024 J 

IF C€ GREATER 3 THEN C SHS12 J 

IF C LESS J] THEN C ADS1i2 J 
WHILE € STS512 J 

IF C GREATER 1 THEN C SH256 J 

IF C LESS 3] THEN C AD256 ] 
WHILE € ST256 J 

IF € GREATER J] THEN C SH128 ] 

IF C LESS J] THEN C AD1I28 ] 
WHILE C€ ST1i28 1 

IF C GREATER 1 THEN C€ SH64 ] 

IF € LESS ] THEN € AD64 j 
WHILE € ST64 J] 

IF C GREATER 1 THEN C SH32 J 

IF € LESS 3 THEN C AD32 1} 
WHILE € ST32 J] 

IF C GREATER J] THEN C SH16 J] 

IF € LESS 3 THEN C AD16 ] 
WHILE £€ ST16 J 

IF C€ GREATER J] THEN C SH8 } 

IF C€ LESS J] THEN CC ADS Jj 
WHILE C ST8 J 

IF C€C GREATER 1 THEN C SH4 } 

IF € LESS 7 THEN C AD4 1 
WHILE C€ ST4 ] 

IF C GREATER J] THEN € SH2 ) 

IF C LESS 1] THEN C AD2 } 
WHILE C€C ST2 ] 

IF C GREATER J] THEN C SH1 ] 

IF € LESS 7] THEN C AD1 1] 
WHILE C ST1 J 

IF € GREATER J] THEN C SHO Jj 

IF C2 THEN CEND) 


TBO3330S 


ana en ea nnn ee 
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APPENDIX B: PIN LISTS 


File Name : ADCB2 
Date : 10/21/1986 
Time : 10:58:26 


HHEKHRHRHHHRHRRHHRRHHH P ION LL ST Rate eee EER HE 


LABEL FNC ##PIN FNC #*# LABEL 
CLOCK CK *## +5V #*#VCC 
/START ee /B **/DONE_OC 
COMPARE B ##N/C 
/HOLD a ##/HLD 
a) **#BIT4 
0 *## BITS 
0 #e*BIT2 
a) *#e#BITL 
G **BITO 
ia) ##DONE 
/O0 ¥*##*#CLOCK2 
/OE *#N/C 


ONY WED 


COON HHH We Oe ee 


TB03340S 


File Name : ADCB1 
Date : 10/21/1986 
Time : 10:53:7 


HHHHEHRRKKERRHERHHRHR Po OT ON L I S T ###etteeeeeeeeenenees 


LABEL FNC ##PIN FNC #+* LABEL 
CLOCK CK ## +5V ##*#VCC 
/ST I ##N/C 
COMPARE I *##/START 
/HLD I *#BITI1 
/ TRACK I **#BITLO 
BIT4 I *#*e2BITI 
BITS I *#*# BITS 
BIT2 I **BIT7 
BIT1 I ** BITS 
BITO I *#* BITS 
DONE I *#*#N/C 
GND 16) /OE *#*N/C 


TB03370S 
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File Name : 
Date : 10/21/19 
Time : 


@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 

FILE NAME : 


eCOMPANY 

@NAME 
@€DESCRIFPTION 
@COMMON PRODUCT 


ADCBi 


B4é 


10:54:48 


ADCB1 


TERM 


@COMPLEMENT ARRAY 


@1/0 DIRECTION 

@OUTPUT POLARIT 

@FLIP FLOP CONT 
FO =13 


@GOUTPUT ENABLE 
@REGISTER LOAD 


¥ 
ROL 


“SET ALL FLIP FLOP TO BE J/K" 


@ASYNCHRONOUS PRESET /RESET 


GFLIF FLOP MODE 


@LOGIC EQUATION 


“NON- INVERT ING 


START =: J = 
K = 
"UP/DOWN COUNT 
BITS =: T = 
/BIT& : T = 
/BIT7 : T= 
/BIT8 : T= 
/BIT9 : T= 
/BIT10O : T = 
/BIT’1 =: T = 


INPUT LATCH: 
ST ; 
ST § 
ER ROUTINE" 
/START * TRACK #* DONE 

/BIT2 * /BITS * /BIT4 
/START * TRACK * DONE 

BIT2 * BITS * BIT4 3; 
/START * TRACK * DONE 

/BIT2 * /BITS * /BIT4 
/START * TRACK * DONE 

BIT2 * BITS * BIT4 «* 
/START * TRACK * DONE 
/BITO * /BIT1i * /BIT2 
/START * TRACK * DONE 

BITO *« BITi * BIT2 
/START * TRACK * DONE 
/BIT2 * /BITS * /BIT4 
/START * TRACK #* DONE 


7START = 


BIT2 * BITS * BIT4 
/START #* TRACK * DONE 
/BIT2 * /BITS * /BIT4S 
/START #* TRACK #* DONE 


BIT2 * BITS * BIT4 
/START * TRACK * DONE 
/BIT2 * /BITS * /BIT4 
/BITS + 
/START * TRACK * DONE 

BIT2 #* BIT4 

BITS ; 

/START * TRACK * DONE 
/BIT2 * /BITS * /BIT4 

/BIT9D * 

/BIT10 + 

/START * TRACK * DONE 
BIT2 * BITS * BIT4 
BIT9 * BITIiO ; 


BITS * 
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* 
+ 
* 


* 
* 
* 


/st " 
JHLD * COMPARE 
/HLD * /COMPARE 
JHLD * COMPARE 
/BITS + 
/HLD * /COMPARE 
BITS ; 

/HLD * COMPARE 
/BITS * /BIT4 * 
/HLD * /COMPARE 
BITS * BIT4 * 
JHLD * COMPARE 
/BITS * /BIT6é * 
/HLD * /COMPARE 
BITS * BITS * 
/HLD * COMPARE 


/BITS * /BITS * 


7HLD * /COMPARE 
BITS * BITS # 
/HLD * COMPARE 
/BITS * /BITS * 
/HLD * /COMPARE 
BITS # BITS «* 
/HLD * COMPARE 


/BITS * /BITS * 


JHLD * /COMPARE 
BITS * BIT& * 


* /BITO * /BIT1 


* BITO * BIT1 


* /BITO * /BIT1i 


* BITO * BIT1 
% 
/BITS * 
* 

BITS * 
#* /BITO 
/BIT7 + 
* BITO * 


/BIT6& + 


BITS ; 
* /BIT1 


BITi 


BIT7 ; 
* /BITO * /BIT1 
/BIT7 * /BITB + 
* BITO * BIT1 


BIT7 * 
* /BITO 
/BIT7 * 


BITS 5; 
* /BIT1 
/BITS * 


* BITO * BIT! 


BIT7 * BITS * 
* /BITO * /BIT1 
/BIT7 * /BITS * 


* BITO # BITi + 
BIT7 * BITS * 


TBO03390S 
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APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH (Continued) 


File Name : ADCB2 
Date +: 10/21/1986 
Time : 10:58:56 


@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
FILE NAME : ADCB2 


@COMPANY 
@NAME 
@DESCRIPTION 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@1/0 DIRECTION 
DO = RC ; "RC OSCILLATOR" 
D3 = DONE ; "ENABLE /DONE OC TO OUTPUT A LOGIC LOW.” 
@OUTPUT FOLARITY 
@FLIP FLOP CONTROL 
FC = 1 5; 
@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 
"MO, Mi, M2, M3, M4, MS = 1 35 SET FO - FS TO J/K FLIP FLOPS." 


@LOGIC EQUATION 
"NON-INVERTING INPUT LATCH : /HLD = /HOLD " 
HLD : J = HOLD ; 
K = /HOLD ; 


“UP/DOWN COUNTER ROUTINE” 


/BITO =: T = /START * TRACK * DONE * /HLD 3; 
/BIT1L : T = /START * TRACK * DONE * /HLD * /COMPARE * BITO + 
/START * TRACK * DONE * /HLD * COMPARE * /BITO ; 
/BIT2 : T = /START * TRACK * DONE * /HLD * /COMPARE * BITO * BIT1 + 
/START * TRACK * DONE * /HLD * COMPARE * /BITO * /BIT1 35 
/BITS : T = /START * TRACK * DONE * /HLD * /COMPARE * BITO * BITi * 
BIT2 + 
/START * TRACK * DONE * /HLD * COMPARE * /BITO * /BIT1 * / 
BIT2 ; 
/BIT4 : T = /SSTART * TRACK * DONE * /HLD * /COMPARE * BITO * BIT1I * 
BIT2 * 
BITS + 
/START * TRACK * DONE * /HLD * COMPARE * /BITO * /BIT1 * / 
BIT2 * 
BITS § 
/DONE_OC = /¢( 1) 3 
"RC OSCILLATOR" 
RC = /@1) 35 
CLOCK1 = RC 3 
CLOCK2 = /¢ CLOCK1 ) 3; "BUILT-IN DELAY OF 1 tPD" 


TB03380S 
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APPENDIX D: U1 ADCB1 FUSE MAP 
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File Name : ADCB1 
Date : 10/21/1986 
Time = 10:56:5 
Cust/Project —- 
Date = 
Rev/I. D. = 
PLSI79 ' F/F TYPE ' E(b)= 'Ela) = 'POLARTY! 
' ' i] 1 4 
r 3 "As As As AS As As A: A! re) ‘ 0 ILstsieL" 
Ee Ue es sc eres ee a ee me eens ce ees en es cee ie ees ee eee ea ees ae GOD ca ms ES cos a cD ees ee a oe ee SU ee ee SSS ee oD ee ee eee Oe eee ee SD OD co eae a OD OD OD GD ED GD OS aS 
RY ! I ' Bdi) : Q(p) ! Qin) ' Blo) ! 
“M4 'G}=—<==]=64= S32]. SS She See SS SSS SS Se SS SS ees 
__. 1. '*¥_6 5.4.3 2.1. 0'S. 2.1 6!7.6.5.4.3.2.1.0!7.6.5_4_35.2_1_0!3_2_1_0! 
OIAl<~ = = =.= = = Liew = = =f = = == = = =! = = =,- - = =A AA A! 
LtAl= = a= ewe e Ble ee ele Se Se eye ee KL ee men mK KIA A A OB! 
SPIA'L. LL tk A A <—?t- —- HOLE m= my me Rl = eye = = OTA BA A! 
S'A'H H HHL AL <!= = FAY = = Hye = = HK l= = = ey mH - OTA AA BR! 
4'A'L LL LJL HH -'- ~-HLIL —- - -,- ~ ~-H'- —---,- -9O -'AAA A! 
S'A'H H HH,L HL —-'- - HAIL = - =,- - = b'- eH Hy HK O KIA AAA! 
6'AIL LiLigl HH =! = H LIL = = =y> —- H HI= = = =.= 0 = —fA AAR A! 
7'ASH H HALL AL t= —- ARIEL = -— =y- - EO bY - - me Hee OB KIA 8 A A! 
BIAtkL kL LLk HR Hl |= ALI = = Se HOH Ae = eS SHO = KIA A A A! 
9'A'H HH H,LE HL -!'- - HH'L —- - -,- ELL'- -~- - -,9 -- -'‘AAA A! 
LOTATL Lk L,k HR —-t- - H LIL = = =F AH A= = = O,—= —~— — =!'A AA A! 
11i'A'H HH HL HL -'= =~ HHL -- = ELL LI- - - O,- —~- —- -~-'AA AA! 
I2'A'L LL L,t HH -'- - HL'L - - HJH HH H!- - 0 -,- - - -'AAA A! 
1S'tATH HHH, HL ='= —- A ATL = = Lk Lb LI= = Om eH = =10 8 A A! 
14'A'L LC LL,tE HH -'- - HL'L - HHH HH H'- O- -,- - —- ~'AAA A! 
iS'ATH H HH, L AE -!'~ - HHL - kL bgk bk Ek L'- O - -,- —- -— =-'™ AA RA! 
16tAl=j = = =ge= — = KPH = HK KIRK HK Kye KH KH HH LA H,H HA HAA A A! 
IVtATL LL Le- = HAH =!'=- = tb LIL Lb HHH AHH AM AHL Hye e - KITA A A A! 
18"A'L Lb ky - & -t- - L LIL Lb AHH HH WTR - bk -y- - - “TAA A A! 
191A'L LL Ly= -— H == = & LIL. = L AH WH A A= = A Lym eH = KAA A A! 
ZO'A'L EL Lge= — b -'= - LIL - bk ORK HH HWI- —- - Lg- - - “A AA A! 
21{AhR Lk ke - HHI —- GB Ett me KH EWR A RAK - - ke mM KIA BA A! 
22'AIL Lk L,= = & -t= = L LIL = = L4H HH AWS = = =k = = =A AR A A 
25'A'L tb bk tee = A -'=- = LLL - - -,b HAH AWI- - - -,HEL- TA AA A! 
SA'RIL bk Lb. Hk Kt KH EL LIL Se ge =k ARR RR — = KH LK MRA RK AS 
25'A'L LL bg= —- H =t= = L LI = = -,- L AH Af —- = -,- He HARA A A! 
Z26°A'L kk & bhe= ~~ b -'= = LL = = == & WH HH = = = -— = FHA A A A! 
27IANL LL La - He=Ht= -— LOL = |= Hye Mm kL We — KH Hye KH HEIR A A A! 
2696: & b&b kee ~ bo ~-?t- — b EEE m= == = £ HEN =— eK = - = = LIA A A A! 
2P'A'kL kL Le — H -'= = LLIbh &= = = eK Lie = = =5- -~ =~ BIA BRA A! 
30'0'9 000,000 0'9 00 0!0 000,000 0!10000,0 00 O!IA AA A! 
31'0'0 000,000 0!0 00 0!0 000,000 0!0 000,00 0 O'R AA A! 
FetAl= = = =,— — = sf= = =~! 2 -— =-3>- -~ - =~! = 
Pb'.'0000,0000!0 00 0!0 000,000 0! ‘ 
Rb'.'0000,0000!0 090 0!0 000,00 0 0! a 
Lb'.'0000,0 000!0 00 0!0 000,0 0 0 0! . 
Pa'.'0000,0000!0 090 0!0 000,000 0! s 
Ra'.'0000,0000!0 000!0 000,090 0 0 0! * 
ta'.'00090,0000!90 0 00!0 0900,0 0 0 0! ° 
D3'.'00 00,0 000!0 0 00!0 000,0 0 0 0! x 
D2'.':00090,0 000'9 0 00!0 09090,0 0 0 0! . 
D1'.'0 000,090 000!0 00 0!0 00 0,0 0 0 0! x 
DO'.'0 000,90 0 00!0 000!0 0 00,0 0 0 0! < 
BBBB//CY/NNDBS/BBBBBBB/SBBBBBBBNND B 
Ilkr1rr3iItweoaosv/yv/7ursTrirtigrsyirtristrtigryrYrFrigyrtgkivyyay 
TYITITYTRLMTICECNTTFTTFTTFFTTTTrTrrrrrrrcececn tT 
1234ADP EdqoA1L19 8 76465A1198745 E Oo 
Cc A R10 R10 
K R T T 
E 
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APPENDIX D: U2 ADCB2 FUSE MAP (Continued) 
File Name : ADCB2 
Date : 10/21/1986 
Time : 11:0:7 
Cust/Project — 
Date = 
Rev/I. D. - 
PLS179 '‘ F/F TYPE ' E(b)= 'E¢a) = 'POLARTY! 
{ ' 1 ! 
T ! 'A:AZA:A:A:A:AzA! O nr?) 'LeLsHst! 
Ee Oe a ee ee ee en 
Ri! : I ' Bid | Q(p) Q(n) Blo) ! 
M 'C! ----- =~ - - -- -- -- - + --- - -- - -- --- - - - - --- - - = -- + +++ + 
naw! '?6_5_4_3_2.1_013_2.1_6'7_6 5 4 3.2 1017.46.54 3.29 1 O13 _2 1 6: 
OlAiq= - = ge L = Sle = = Hl RS Hye HI WM aye = = HTL sw! 
LtAi= — — -y~ B= f= = = Rie ee em = HOLM Kye eK Ht ww! 
2tAt= = = = = Ha = = =f bL - = — = LI eH eH =m = 6 Ht, ke! 
Sai - — = Lb = lb Wie =< = @le Le mye = bb IO = = 6 R= Ht, we os! 
hin = = = Loe HH = - <t= b= = = WL = & ee OH fe ww a! 
SAL —- =,L - L Ht= = = -!= Lb - -,- £ bt LO - = =,6 = = =2, sf 
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SUMMARY 

The evolution of Programmable Logic De- 
vices (PLD's) has led to the birth of a new 
generation of programmable devices desig- 
nated as PML (Programmable Macro Logic). 
The immense versatility of these devices 
brings them closer as plausible alternatives to 
semicustom design approaches in low-to- 
medium ranges of applications. The following 
paper begins with a background on PML and 
a brief description of the PML basic architec- 
ture (See Reference 1.) Next, the first PML 
devices are introduced with a detailed discus- 
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sion of the PLHS501. The implementation of 
PML in the AMAZE software package is 
presented. A system level example intends to 
demonstrate the capabilities of PML as an 
eloquent and efficient design alternative. 


THE EMERGENCE OF THE 
THIRD GENERATION PLD 


ARCHITECTURE 

PML was introduced at WESCON '85 by 
Signetics Corporation. The unique architec- 
ture of PML breaks away into a new era of 


AND-OR CHAIN 
AND OUTPUT MACRO 
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Figure 1. One of the Latest Registered PALs™ 


PAL™ is a Trademark of Monolithic Memories, Inc. 
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programmable logic devices. The purpose of 
the PML architecture is to overcome the two 
level AND-OR bottleneck and provide the 
user with a higher level of logic integration. 
Current PLD's rely on two levels of logic 
transformation to implement combinational 
logic in Sum-Of-Products (SOP) form. In addi- 
tion various PLD's make use of higher level 
macros such as flip-flops to form sequential 
logic functions. These macros connect the 
AND-OR chain to dedicated !/O pins. 


Figure 1 show the basic architecture of one of 
the most recent PAL™ devices. It is clear 
that this architecture is inefficient in making 
full use of the available on-chip resources. 
This is due to the fact that an unused I/O 
macro will be wasted and remains futile. 


For example, if an !/O pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic integra- 
tion. The PML device takes advantage of the 
fundamental architecture shown in Figure 2 to 
overcome these deficiencies and waste of 
on-chip resources. As shown in Figure 2, PML 
incorporates the NAND-NAND gate equiva- 
lence to break the AND-OR bottleneck. 


The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 


At the present, two devices are under devel- 
opment which employ the above architecture. 
Both devices are fabricated by the Signetics 
state-of-the-art oxide isolation process and 
are packaged in 52-pin PLCC. 


The first device available will be the 
PLHS501. The seemingly simple structure of 
this device can implement every logic func- 
tion furnished by the current PAL™/PLA 
devices. Although the PLHS501 is principally 
a combinational logic device, its unique archi- 
tecture makes it an ideal tool for applications 
involving asynchronous state machines (See 
Reference 2.) 


The PLHS502 is a sequential logic device. It 
supplements the PLHS501 features with six- 
teen edge-triggered flip-flops. The device can 
provide diverse applications encompassing 
synchronous and asynchronous state ma- 
chine designs. 


Signetics Application Specific Products Application Note 


PLHS501 Programmable Macro Logic Primer AN29 


Table 1. Functional Description of PLHS501 1/O Pins 


41-45, 47-52, : 
37-40 /B0-/B3 Fuse-programmable bidirectional I/Os with Active-Low 
outputs. Can be configured as open-collector outputs. 
Logic controlled bidirectional |/Os with Active-High 


Pairs of Tri-state Exclusive-OR outputs that have 
common Output Enable. 


Pairs of dedicated Active-Low Tri-state output buffers. 
Each pair has common Output Enable control. 


Pairs of dedicated Active-High Tri-state output buffers. 
Each pair has common Output Enable control. 


OUTPUT 


OUTPUT 
MACRO 
(2) 


FUNCTION 
MACRO 


FUNCTION 
MACRO 
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Figure 2. PML Fundamental Architecture 
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THE PLHS501 PML 

The PLHS501 architecture in Figure 3 exhib- 
its an exquisite logic tool. The device provides 
a combination of 72 NAND terms, 24 dedicat- 
ed inputs (l0-I23), eight bidirectional |/O's 
(BO-B7), eight exclusive-OR outputs (X0-X7), 
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and eight dedicated outputs (O0-O7). Figure 
4 shows the PLHS501 logic diagram and 
Table 1 illustrates the functional breakdown 
of the PLHS501 1|/O pins. 


Since the output of each NAND term feeds 
back to the inputs of the NAND array, intri- 


4 
fe) 
(x2) 
fe) 
fe) 
(x2) 
re) 


Figure 3. PLHS501 Logic Diagram 
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cate logic functions can be implemented 
without wasting valuable I/O pins. For exam- 
ple, in order to implement an internal 'RS' 
latch in a combinational PAL™/PLD, at least 
two inputs and two outputs are required. The 
same internal latch can be configured by the 
PLHS501 without using any I/O pins. 


4 


Ox 


Ox 
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Figure 5 illustrates how 'RS' and 'D' latches 
are implemented in the PLHS501. 


Another eminent application of the PLHS501 
is in generating asynchronous state ma- 
chines. 


The blend of internal feedback paths together 
with the abundant number of gates makes 
this device suitable for designing asynchro- 
nous state machines which employ propaga- 
tion delays of feedback paths as memory 
elements as shown in Figure 6. (See Refer- 
ence 2.) 


TOP VIEW 
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Figure 4. PLHS501 Pin Assignments 
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Q——_{__] output 
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Figure 5. R/S and D Latch Implementation with PML 
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Figure 6. Model of Asynchronous State Machines Using Propagation 
Delays of the Feedback Path as Memory Elements 


PML DEVELOPMENT 
SOFTWARE 


Programmable logic development software 
has become an integral part of the PLD 
design process. Without software tools PLDs 
become perplexing devices which are incon- 
venient to use. Development software en- 
ables the user to take full advantage of the 
programmable logic's resources. The com- 
plexity of the PML devices makes software an 
indispensable element in the design process. 


The AMAZE PLD design software, as noted in 
Reference 3, has been developed for 
Signetics programmable logic devices. PML 
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design and development will be fully support- 
ed by AMAZE. Figure 7 shows the AMAZE 
configuration for supporting PML. The struc- 
ture of the software is based on the following 
modules: 


.BLAST (Boolean Logic And State Trans- 
fer entry) 

.DPI (Device Programmer Interface) 

.SIM (PLD functional S!Mulator) 

Pl (PML Integrator) 


The foundation for the above modules is an 
AMAZE standard fuse file (STD). The STD file 
is the common means of communication 
between all the modules. The following para- 


STANDARD 
FUSE 
FILE 


DEVICE PROGRAMMER 


Figure 7. AMAZE Configuration for PML 
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graphs briefly explain the implementation of 
PML in the AMAZE structure. 


BLAST 


The basic elements of BLAST are: 

1. Boolean Equation Entry (BEE). 

2. State Equation Entry (SEE). 

3. Schematic To Boolean Converter (STBC). 


1. BEE accepts user defined logic in the form 
of boolean equations and produces an 
AMAZE standard fuse file. The boolean nota- 
tion in BEE will account for the following PML 
features. 


a. The single array architecture provides an 
option to specify the number of logic (gate) 
levels that accommodate a specified function. 
The number of gate levels dictate the delay 
between the inputs and outputs. The number 
of logic levels for each function can be 
specified using the following notation: 


LABEL [ number of logic levels ] = equation; 
where LABEL is the user designated name of 
the output pin. 


b. Some outputs have more than one gate 
associated with them (for example registered 
or EXOR outputs). The input SIDE of these 
outputs can be specifically defined. For ex- 
ample: 


Pin Label: R = eqn; 
S = eqn; 
c. User definable CLOCK Logic (e.g. as in the 
PLHS502) can be specified. 


d. For PML devices the Sum-of-Products 
(SOP) can be defined as common terms. 


BOOLEAN EQUATION 
ENTRY 


STATE EQUATION 
ENTRY 


SCHEMATIC TO 
BOOLEAN CONVERTER 
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2. SEE accepts state machine definitions and 
produces the AMAZE standard fuse file. Par- 
ticularly, SEE will include asynchronous state 
machine implementations utilizing the 
PLHS501. 


3. STBC converst schematic netlists pro- 
duced by CAD systems such as Futurenet™, 
Daisy, and Mentor into an AMAZE BEE file. 
STBC will fully embody the PML in the follow- 
ing manner: 


a. De Morgan's theorem is applied to produce 
equations in SOP form. All the functions in 
SOP form are then converted into their 
NAND- NAND equivalent. 


b. The converter will determine the polarity 
and the number of levels in each equation 
and will automatically determine the correct 
output polarity. 


DPI 


Device Programmer Interface provides the 
interface between the AMAZE standard fuse 
file and a commercial programmer. It allows 
the transmission of data to and from the 
device programmer. 


SIM 


The functional simulator uses the AMAZE 
standard fuse file in the following manner: 


a. An event driven simulator will assess the 
delays within the PML in order to properly 
simulate the pattern. 


b. Automatically generates test vectors for 
the pattern simulation. 
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The PML Integrator is a conversion that 
transforms various PAL™ or PLD circuits into 
a PML device. It will automatically fit multiple 
PAL'/PLD devices into a single PML. It is 
capable of automatically receiving patterns 
from a commercial device programmer and 
downloading it back to the programmer after 
the PML transformation. The implementation 
of an ‘Integrator’ will allow the automatic 
conversion of numerous PAL™/PLDs into a 
single PML device. 


AMAZE will not be the total extent of devel- 
opment software available for the PML de- 
vices. The task of implementing PML design 
software is already underway by a number of 
different vendors of CAD software. 


PLHS501 DESIGN EXAMPLE 

The following example intends to manifest 
the capabilities of the PLHS501. Figure 8 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system 
diagram is drafted using Futurenet'™ DASH-2 
Schematic Designer. The system is parti- 
tioned into two PLS173s and one PLS153. In 
order to convert the system into its targeted 
PLD's, the PINLIST (see Figures 9a-9c) has 
to be defined. Using the AMAZE PIN-LIST 
editor, the specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 8). After the declaration of 
labels, AMAZE automatically converts the 
system to the designated PLDs. The AMAZE 
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generated boolean equation files are shown 
in Figures 9a, 9b, and 9c. Figure 10 shows 
the overall system implemented with PLDs. 
The logic condensation capabilities of PML 
makes it feasible to replace the whole system 
by a single PLHS501 (Figure 11). The 
PLHS501 in this design will still have ample 
space for any future additions. 


The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 
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File Name : FARTI1 
Date : 12/10/1986 
Time +: 18:26:56 


@DEVICE TYPE 

PLS17S 

@DRAWING 

@REVISTION 

@DATE 

@SYMBOL. 

@COMPANY 

GNAME. 

FART 1 

@DESCRIFPTION 

@1/Q0 DIRECTION 

@LOGIC EQUATION 
QUTLA =/INIA*/INIB* CINLI+/0TSAINIF) § 
OTABINSA =/INIB*INIT; 
OTIC =/INLH+OT2ZCINIMN+/ INID*/OTSAINIFtOTSEINIKS 
QUTID =INLB+/INLJ3 
QViEINSH =/INIB*INIIJ+OT2ZCINIM+/OT3IG#INIAFT/INIAX/INIGS 
QTL =OT2CINIM*/INIG#/INILS 
OQUTAG =OT2ZCINIM+/INIGHINIE+ INIB+/OTSIGRINIAS 
QUT LH =/INLHECINLE) tOTSAINLF+t/ INIAtINIB+INIDs; 
QUTLT =(/INIE) #OT3G6;5 
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Figure 9a. Part 1: PLS173 
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Figure 9a. Part 1: PLS173 (Continued) 
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Figure 9b. Part 2: PLS173 
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Figure 9b. Part 2: PLS173 (Continued) 
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Figure 9c. Part 3: PLS153 (Continued) 
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Figure 10. System in Figure 8 Implemented with PLD s 
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Figure 11. System in Figure 10 Implemented with PLHS501 
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INTRODUCTION TO PML 
DESIGN CONCEPTS 


Programmable Macro Logic, an extension of 
the Programmable Logic Array (PLA) concept 
combines a programming or fuse array with 
an array of wide input NAND gates wherein 
each gate folds back upon itself and all other 
such NAND gates. This is called a foldback 
NAND structure and its basic elements have 
been outlined previously (Cavian', Wong?, 
Gheissari and Safari’). 


The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to accom- 
modate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. All 
these basic functions, can be extremely wide, 
of course (see Figure 1.1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques (Kar- 
naugh Maps, Quine-McCluskey, Boolean Al- 
gebra, etc.). 


SECTION 
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The obvious extensions to additional combi- 
national functions for decoding, multiplexing 
and general Boolean functions is straightfor- 
ward. Adding feedback to the system ex- 
pands the range of realizeable functions to 
include sequential as well as combinational 
functions. Figure 1.2 illustrates the basic 
arrangement of the PLHS501. Because of the 
large number of inputs each NAND gate has 
available, logic functions that require several 
levels of conventional 4 or 8 input gates may 
be able to be reduced to 1 or 2 levels. 
However, it is important to realize that unlike 
AND-OR PLD architectures, more than 2 
levels of logic may be implemented in the 
PLHS501 without wasting output or input 
pins. Up to 72 levels of logic may be imple- 
mented due to each of the 72 foldback NAND 
gates. 


So far, the concept of a ''macro"’ is still not 
evident. Two ways for the generation of a 
macro exist — namely, hard and soft. Borrow- 
ing from the concept in computer program- 
ming wherein a section of code (called a 
macro) is repeated every time its use is 
required, we can establish subfunctions 
which can be repeated each time required. 
The user defined or soft macro can be one 
which will generate a function by fused inter- 
connect. When a fixed design function is 
provided, it is a hard macro. This may be an 
optimized structure like a flip-flop or an adder, 


Figure 1.1 PML Basic Functions 
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or some other function which is generated on 
the foundation, by the manufacturer. Soft 
macros are seldom optimized or precisely 
consistent, but hard macros are both opti- 
mized and unalterable. 


When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined as a 
soft macro and efficiently replicated. For 
higher performance and functional density, an 
array of choices which contain optimized 
functions or hard macros will be offered in 
successor chips. In particular, the PLHS502 
(described in Section 4) will include an array 
of flip-flops for high performance state ma- 
chine design. 


Optimizing combinational functions in PML 
consists largely in making choices and trade- 
offs. For single output logic functions, the 
choice is obvious from the truth table. If a 
particular function's truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherwise, the usual sum of products should 
be chosen, minimizing as usual, before drop- 
ping into the two level AND-OR structure 
(using the NAND-NAND realization). Combin- 
ing the availability of inversion at the input 
and output of the chip, the NAND-NAND 
structure can perform either the OR-AND or 
the AND-OR rendition of a function with equal 
ease, using precisely the same number of 
logic levels. The designer needs only to 
choose the optimal rendition to suit his needs 
(see Table 1.1). Truth tables with 50% ones 
can use either version at the designers whim 
unless other uses arise. 


PERFORMANCE 

The PLHS501 (Figure 1.2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated inputs, 8 
bidirectionals and 16 dedicated outputs. A 
large collection of applications, both combi- 
national and sequential, may be configured 
using this part which looks roughly like a 
small, user definable gate array. For the sake 
of clarity, worst case passing a signal from an 
input, making one pass through the NAND 
array (Output terms) and exiting an output 
takes around 25 nanoseconds with each 
incremental pass through the NAND foldback 
array taking about 8 nanoseconds. 
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TABLE 1.1 EXAMPLE DEMONSTRATION 


F1 (A, B, C)= ABC + ABC +ABC +ABC + ABC 


The optimal choice would be to generate 
the zero entries. 


0 
0 
0 
0 
1 
1 
1 
1 


If we group on the one entries we shall get: F;=AB +BC+BC 


=—- = Oo =— = O O 
=- Oo + O + O + O 
—- =—|- = OO =| =| O 


F, (A.8. 0) 


Cost = 4 tnternal gates 
end 9 inpute 


NANO ARRAY OUTPUT 
LS11980S 


If we group on the zero entries we get instead: F;=(B+C) (A+B+C) 


COST = 3 INTERNAL GATES 
AND 7 INPUTS 


OUTPUT 
LS11990S 
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Figure 1.2 PLHS501 Logic Diagram 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it lists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 


PLHS501 TIMING 


tpd3 


Input 
=| 
10 


a abi 
lt _ 


23 in 
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It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal foldback gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when it's output is falling (tPHL) than when 
it's output is rising (tPLH). When passing a 
signal through two NAND gates one gate will 


Output 
NANO terms 
terns 


have less of a delay than the other, and since 
the individual rise and fall delays are not 
specified, this causes the apparent discrep- 
ancy between the two delays. 


Figure 1.3, Figure 1.4, Figure 1.5 and Figure 
1.6 show graphically the timing paths listed in 
the PLHS501 data sheet. 


oe Serene 


NOTES: 
tpd3 = 22ns maximum. 


Input Buffer+ 1 NAND gate + Output Buffer (0, /0, B). 
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Figure 1.3 tpd3 -22ns Maximum 
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PLHS501 TIMING (Continued) 
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Figure 1.4 tpp4 -30ns Maximum 
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PLHS501 TIMING (Continued) 
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Figure 1.5 tpp1 -25ns Maximum 
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PLHS501 TIMING INTERNAL 
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Figure 1.6 tpp7 -8ns Maximum 
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NAND GATE FLIP-FLOPS 

Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks of the PLHS501. A typical 7474 type of 
edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 1.7. 


No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for AMAZE 
to implement the D flip-flop are shown in 
Figure 1.8. However, please note that the 
equations of Figure 1.8 define a D flip-flop 
configured as a divide by 2 (i.e., QN is 
connected to the data input) whereas Figure 
1.7 shows a general case. Also note that flip- 
flops with some additional features may be 
constructed without using more than the six 
NAND gates. This is possible because of the 
large number of inputs associated with each 
NAND gate. For instance, a flip- flop may be 
required to have a clock gated by one or 
more signals. Using the PLHS501, it may be 
implemented by adding additional input signal 
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names to NAND gate equations of gates #2 
and #3 of Figure 1.7. If the data input is to 
the AND of several signals, extra inputs to 
NAND gate #4 may be used. Or if additional 
set or reset lines are required, they may be 
added simply by using more of the inputs of 
each NAND gate connected to the main set 
or reset. 


Figure 1.10 shows two simulations of the 
same flip-flop. The first one is at a little less 
than maximum frequency, for clarity in follow- 
ing the waveforms, and the second is at the 
maximum toggling frequency. For these simu- 
lations each NAND gate has a maximum tpHL 
or tpLH of 8nsec (which is the gate delay of a 
NAND gate in the PLHS501's foldback array). 
First of all, it can be seen from these simula- 
tions that for proper simulation or testing of 
such a device a set or reset input is mandato- 
ry. Both Q and QN outputs are unknown no 
matter what the inputs do, until they are put 
into a known state by either a set or reset 
input. Secondly, various timing parameters 


Figure 1.7 Edge Triggered D Flip-Flop 
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such as propagation delay, as well as setup 
and hold times may be determined. For the 
general case, referring to Figure 1.7: 


Tsetup = tpd4 + tpd1, Thold = tpd3 + 
tpd4 and Clock toQ = tpd3 + tpd6 + tpd5. 


Therefore, performance of the flip-flop de- 
pends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, con- 
nected to bidirectional pins. As a test of the 
simulation, a D flip-flop connected as a divide 
by 2 was constructed using only the foldback 
NAND terms (see Figure 1.8). An output 
NAND term was used to invert the QN output 
and drive an output buffer. The only inputs 
were the clock and a reset. The data input to 
the flop was driven internally by the QN 
output. According to the simulation, it was 
possible to drive the clock at a frequency of 
25Mhz and this small circuit also functioned 
at that frequency. 
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Left Right 
LABEL ** FNC **PIN PIN** FNC ** LABEL 
vcc ** +5V xx 8B-| }-46 ** +5V **VCC 
N/C xx I xx 9-| |-45 ** I **N/C 
N/C xx JT xx 10-] |-44 ** J **N/C 
N/C xe T xx l)-| PP |[-43 ** I **N/C 
N/C xx J xx 12-| L  |-42 ** I **N/C 
CLK xx J xx 13-| H |\-41 ** I **N/C 
RST xe T *x 14-| S |-40 ** /O **N/C 
N/C xx J xx 15-| 5 |-39 ** /QO **N/C 
N/C xx J xx 16-| 4) |-38 ** /O **N/C 
N/C xx J xe 17-| 1 |-37 ** /O **O0 
N/C xx I xx 18-| |-36 xx © **N/C 
N/C xx O xx 19-| |-35 ** O **N/C 
GND xx OV ** 20-| |-34 ** OV **GND 


File Name : lflop 

Date : 12/3/1987 

Time : 10:1:22 

@DEVICE TYPE PLHSS501 
@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMPANY 

@NAME 

@DESCRIPTION 

Single D flip-flop connected as 
divide—by-—two for test 
@INTERNAL NODE 
CSN0,CRNO,CQ0,CONO; 
@COMMON PRODUCT TERM 
@1/O DIRECTION 

@1/O STEERING 

@LOGIC EQUATION 

00 = /(CQNO); 

CSNO = /(CLK*RST*(/(CSNO*(/[CQNO*RST*CRNO})))); 
CRNO = /(CSNO*CLK*(/[CQNO*RST*CRNO})); 
CQ0 = /(CSNO*CQNO); 
CQNO = /(CRNO*CQO*RST); 


TB03630S 


Figure 1.8 PLHS501 Test Flip-Fiop 
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Figure 1.9 Partial PLHS501 Fusemap Showing Test Flip-Flop Fusing 
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Figure 1.10 Waveforms of Test Flip-Flop 
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FUNCTIONAL FIT 

In the late 1960's and early 1970's designers 
used SSI, MSI and small amounts of early LSI 
to generate logic solutions. Frustrated by the 
lack of wide input gates to accommodate a lot 
of product terms for two level solutions, they 
turned toward the budding ROM and PROM 
products. These devices relied on literally 
realizing a function by generating its truth 
table in silicon. The logic function had to have 
each logical one and zero realized distinctly 
as an entry for a particular combination of 
input variables, usually supplied on the ad- 
dress lines of the memory. Observing that 
many such truth tables were dense in ones or 
zeroes and sparse in the remainder, a cadre 
of initial manufacturers emerged with focus 
on supplying a programmable product with a 
few AND gates and OR gates which were 
versatile enough to compete against the 
ROM/PROM parts. The gimmick supplied by 
these PLA manufacturers was to illustrate the 
functional equivalency of the PLA to the 
PROM by comparing the number of product 
terms (to be shortened to ''p-terms'') the PLA 
supplied and comparing this to the width and 
depth of available PROMs. P-terms became 
the ''currency'' of the PLA world and a 
designer only had to assess the equivalent 
number of Boolean product terms required by 
his function to determine whether a particular 
PLA was a Suitable candidate for his design. 


Almost in parallel, gate arrays became avail- 
able. These provided an array of identical, 
fixed input gates (usually two input NANDs or 
NORs). These were generated in a regular 
fashion on a substrate which had a fixed 
input/output pin arrangement. Also recogniz- 
ing that all logic functions could be built from 
the appropriate two input gates, when inter- 
connected correctly, manufacturers offered 
these devices to customers who required 
increased density. 
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The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system design- 
er to do this successfully. Flip-flops, decod- 
ers, registers, adders, etc., could all be gener- 
ated from the low level gate building blocks. 


The currency of gate arrays became known 
as gate equivalent functions. That is, with a 
limited number of available gates on a sub- 
strate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 14 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivably be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations so that a designer could 
be assured that his design would result in a 
working I.C. 


The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of I/O pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the |/O pad arrangement but substi- 
tuted the number of available gates to gener- 
ate the logical function (usually by table 
lookup). In an attempt to reconcile the two 
measures, Hartman* has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate ''ex- 
change rate’’ is shown in Table 2.1 for the 
PLHS501 and PLHS502. An alternate method 
of generating an estimate is to consider the 
gate equivalent of generating, say for the 
PLHS501, a gate equivalent of the part in an 
optimistic functional configuration (72 occur- 
rences of a 32 input NAND gate). Figure 2.1 
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shows how this will result in over 2000 
equivalent gates. Conversely, by stacking the 
NAND gates into D flip-flops, its least efficient 
function, the PLHS501 will have a gate equiv- 
alent of only about 100 gates. 


The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 2.2 may assist 
in doing this analysis. Note that all basic 
gates require precisely one gate to generate 
the function. Also note the occurrence of 
functions in the table which could never be 
generated as standard |.C.'s previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 


Table 2.2 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual restric- 
tions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the number of gate ocurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These struc- 
tures may, however, be no deeper than 72 
levels for the PLHS501. Functions should be 
generated in accord with the guidelines men- 
tioned before, for selecting an optimal 2 level 
logical solution. 


It is an interesting observation that manufac- 
turers of gate arrays and standard cell prod- 
ucts which offer embedded PROMS, ROMS 
or RAMS have not successfully described 
these embedded functions in terms of equiva- 
lent gates, but rather resort to other means 
(such as divulging their relative area with 
respect to the area of a basic gate). There is, 
as yet, no standard in this arena. 


Signetics Application Specific Products 


Designing with Programmable Macro Logic 


TABLE 2.1 EQUIVALENCY RATIO 


Hartman's method is based on a CMOS gate array equivalency wherein 4 
transistors constitute a 2 input NAND or NOR gate, equal to one gate. Thus, his 
"exchange rate'' is as follows: 


. = 4X # inputs 
+9 X # FFs 
+7 X # 3-State outputs 
+(15 to 30) x # OR outputs from the AND/OR array. 


For the PLHS501: (using CMOS numbers which may be inappropriate) 


E.R. = 4X 32 
+9 X0 
+/7 X 24 
+(15 to 30) x 50% of 72 feedbacks = 836 to 1376 gates 


For the PLHS502: 


E.R. = 4X 32 
+9 X 16 
+7 X12 
+(15 to 30) x 50% of 64 feedback = 962 to 1502 gates 


Being for two bipolar |.C.'s, in this case, the method may be inappropriate, but 
may be taken as an estimating procedure. 
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NOTE: 
Double this and add one for a 32 input NAND. 


Figure 2.1 16 Input NAND Formed from 2 Input Gates 
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TABLE 2.2 PLHS501 GATE COUNT EQUIVALENTS 


PLHS501 INTERNAL 
FUNCTION NAND EQUIVALENT COMMENTS 


Gates 


For 1 to 32 input variables. 
For 1 to 32 input variables. 
For 1 to 32 input variables. 
For 1 to 32 input variables. 


Inverted inputs available. 
Inverted inputs available. 
Inverted inputs available (24 chip 
outputs only). 


Inverted inputs, 2 logic levels. 
Inverted inputs, 2 logic levels. 
Inverted inputs, 2 logic levels, 
factored solution. 


Inverted inputs available. 


Can address only 27 external 
inputs — more if internal. 


With asynch S-R 
With asynch S-R 
With asynch S-R 


8-bit 45 Full carry look-ahead (four levels of 
logic) 


Barrel Shifters 
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DESIGN EXAMPLES 

Most designers tend to view a PLD as a 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie to- 
gether the larger LSI microprocessors, con- 
trollers, RAMs, ROMs, UARTs, etc. However, 
there is a tendency of viewing a gate array as 
an entire system on a chip. PML based 
products will fit well in either casting as will be 
demonstrated by a series of small but 
straightforward examples. For starters, we 
shall examine how the fusing process em- 
beds functions, progress to glue-like decod- 
ing operations and finally demonstrate some 
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coprocessor like functions as well as home- 
made ''standard products". 


The method of associating gates within the 
NAND foldback structure is depicted in Figure 
3.1 wherein a simple three to eight decoder is 
fused into the array. The corresponding in- 
puts are on the left and outputs at the top. 
This figure shows inputs and their inverse 
formed in the array resulting in a solution that 
requires 6 inverting NANDs that would proba- 
bly be best generated at the input receivers. 
Hence, this diagram could be trimmed by six 
gates, down to eight to achieve the function. 
Figure 3.2 shows two consecutive D-flip-flop 


1 OF 8 DECODER/DEMULTIPLEXER 


©LOGIC EQUATION 

AN = /A; 

BN = /B; 

CN = /C; 

ANN = /AN; 

BNN = /BN; 

CNN = /CN; 

E =/EN; 

YO =/ (AN * BN * CN *E); 
Y1=/ ANN*BN*CN *E); 
Y2=/ AN * BNN*CN *E); 
Y3 =/ ANN * BNN * CN *E); 
Y4=/ AN * BN * CNN *€); 
Y5=/ ANN * BN * CNN * E); 
Y6 =/ AN * BNN * CNN * E); 
Y7=/ ANN * BNN * CNN * €); 


LDO09370S 


fusing images. Note that asynchronous sets 
and resets may be achieved for free, in this 
version. In both Figures 3.1 and 3.2 the gates 
are numbered in a one-to-one arrangement. 
As well, the accompanying equations are in 
the format used by Signetics AMAZE design 
software. For clarity, consider the gate la- 
beled 2A in Figure 3.1. Schematically, this is 
shown as a 3 input NAND. However, in the 
fused depiction, it combines from three inter- 
mediate output points with the dot intersect 
designation. Hence, all gates are drawn as 
single input NANDs whose inputs span the 
complete NAND gate foldback structure. 


LD09290S 


Figure 3.1 Decoder Implementation in NAND Foldback Structure 
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TWO EDGE-TRIGGERED FLIP-FLOPS 


©LOGIC EQUATION 


DA1 =/ (DN1 * SN1); 
SN1 =/ (DA * CLOCK1) 


RN1 =/ (SN1 * CLOCK1 * DN1); 


DN1 =/ (DATA1 * RN1); 
Q1=/ (SN1 * QN1); 
QN1=/ (RN1 * Q1); 


DA2 = / (DN2 * SN2); 

SN2 = / (DA2 * CLOCK2) 

RN2 = / (SN2 * CLOCK2 * DN2):; 
DN2 = / (DATA2 * RN2); 

Q2 =/ (SN2 * QN1); 

QN2 = / (RN2 * Q2); 


LD09380S 
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Figure 3.2 Two Flip-Flops implemented in the NAND Foldback Structure 


One straightforward example of using a 
PLHS501 is shown in Figure 3.3. Here, the 
device is configured to accept the 23 upper 
address lines generated by a 68000 micro- 
processor. By selecting the direct and com- 
plemented variables, at least 16 distinct ad- 
dress selections can be made using only the 
dedicated outputs. The designer can combine 
additional VME bus strobes, or other control 
signals to qualify the decode or, define 8 
additional outputs for expanded selection. As 
well, the designer could transform the bidirec- 
tionals to inputs and decode over a 32 bit 
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space, selecting combinations off of a 32 bit 
wide address bus. Because this simple level 
of design requires only NAND output terms 
plus 4 NAND gates in the foldback array (for 
inversion of signals connected to O3.00), 
there may be as many as 68 remaining gates 
to accomplish additional handshaking or logi- 
cal operations on the input variables. 
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Figure 3.3 68000 Microprocessor 
Address Decode 
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Figure 3.4 8-Bit Barrel Shifter Implemented with the PLHS501 


An eight bit barrel shifter exploits most of the 
PLHS501 as depicted in Figure 3.4. This 
implementation utilizes all 72 internal fold- 
back NANDs in a relatively brute force config- 
uration as well as 8 output NANDs to gener- 
ate transparent latched and shifted results. 
The shift position here is generated by the 
shift 0, shift 1 and shift 2 inputs which are 
distinguished and selected from the input 
cells. Variations on this idea of data manipula- 
tion could include direct passing data, mirror 
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imaged data (bit reversal) or byte swapping to 
name a few. 


Part of an eight bit, look-ahead parallel adder 
is shown in Figure 3.5. Gates necessary to 
form the level-O generate and propagate, as 
well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 
utilizes a total of about 58 gates. Additional 
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comparison or Boolean operations could still 
be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications achieve- 
able with third generation PLDs — user de- 
fineable |/O coprocessors. The approach of 
increasing microprocessor performance by 
designing dedicated task coprocessors is 
now within the grasp of user defineable single 
chip solutions. 
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An example of one of the least efficient 
structures realizeable on the PLHS501 is 
shown in Figure 3.6. Here, a cascade of 12 D- 
flip-flops are formed into a toggle chain that 
uses all available NAND gates in the main 
logic array. In the PLHS501 simple cross 
coupled latches or transparent D latches are 
preferred over edge triggered flip flops simply 
because they conserve NAND gates. Applica- 
tions for structures like this include timing 
generators, rate multiplication, etc. Additional 
output gates exist on the output terms as 
shown in Figure 1.2, which could gate the 
output in multiple state detection configura- 
tions. As well, rearranging Figure 3.6 as a 
12-bit shifter, picking off states at the output 
terms could result in a general purpose se- 
quence recognizer capable of recognizing 
binary string sequences. These strings could 
be up to 13 bits long (in a Mealy configura- 
tion) and 24 distinct sequences could be 
sensed and detected. 


L0D09320S 


Figure 3.5 Partial NAND Gate Equivalence of the 8-Bit Look-Ahead Adder 
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Figure 3.7 shows a 32 to 5-bit priority 
encoder. This sort of device could generate 
encoded vector interrupts for 32 contending 
devices. Of particular interest is the fact that 
ordinary encoders are not this wide. The 
designer is, of course, not constrained to 
generating combinational functions in even 
powers of two. Thus, the PLHS501 can easily 
perform customized functions like a 5 to 27 
decoder or a 14 to 4 encoder or, even an 18 
to 7 multiplexor. For the sake of optimization, 
the designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 


The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an "off the shelf'' 
standard solution to an every day problem 
(i.e., a de facto standard product). 


Input NAND Output 
Buffers Arrey Terms 


Figure 3.7 Encoder 
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SUCCESSOR ARCHITECTURES 

The design examples described and Table 
2.2 illustrate the combinational power 
and the sequential limitations of the 
PLHS501 - Signetics first PML entry. Clearly, 
the next family members must address the 
flip-flop issue, and they do. The PLHS502 
(Figure 4.1) shows a similar NAND function 
array of 64 gates with the vital addition of 8 
buried D-flip-flops and 8 buried S-R flip- 
flops. Again, 16 pins are devoted to dedicated 
outputs, 20 straight inputs, 4 clock or general 


64 NAND 
Terns 


Input 
Buffers 
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inputs and 8 bidirectionals can be configured 
to expand input or output capabilities. Slated 
to operate in the middle 30MHz clocking 
range, this part greatly expands the sequenc- 
er capability beyond the initial PLHS501. The 
PLHS502 application range will include state 
machines like CRC generation/detection, 
Bus handshakers, LAN handshaking, arith- 
metic coprocessors, single chip systems and 
a complete bevy of general sequencer opera- 
tions such as sequence generation and de- 
tection. It should be emphasized that the 


8 S-R 8 
Flip-Flops F 


BUS | 


— _—————— a 


Figure 4.1 PLHS502 Diagram 
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NAND array is fully connected and circum- 
vents limitations on connectivity as found in 
other PLD products. 


Almost simultaneous with the arrival of the 
PLHS502 (a bipolar part) will be the first 
CMOS PML entry. Expanding on the function- 
al capabilities of the PLHS502, the CMOS 
part will offer 52 flip-flops in a variety of 
natural configurations with a NAND array near 
200 gates. Due to complexity and density, the 
part will combine a distinctive power-save 
option and the benefits of scan-design. 


LDO09350S 
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SUPPORT ISSUES 

The current PML architecture, the PLHS501, 
is adequately supported by Signetics AMAZE 
software. Offered free to qualified users, 
AMAZE can generate the required design 
files, fusemaps and simulations within the 
appropriate modules of AMAZE. From a sim- 
ple menu driven environment on an IBM 
personal computer (or compatible under MS/ 
DOS), the user can generate a design with 
logic equations, state equations or schematic 
entry (using FutureNet Dash or ORCAD SDT 
software). Once the design is entered, the 
user must ''assemble'’ it prior to fusing the 
PML product. If required, the user may simu- 
late the assembled file to determine the 
accuracy and functional operation of his de- 
sign. Iteration between design entry, assem- 
bly and simulation may be required, depend- 
ing on the users expectations and the com- 
pleteness of design. Automatic test vector 
generation is a simulation option. Currently, 
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the designer may fuse his design using either 
a DATA 1|/O Unisite programmer, a Stag 
ZL-30A or a STREBOR fusing system with 
corresponding configuration modules. 


The AMAZE product is fully contained and 
complete except for the schematic capture 
program. Although it is used for the complete 
line of Signetics PLD products (PLAs, Se- 
quencers and PROMs), it has undergone 
additional modification to support special fea- 
tures required by the nature of the PML 
products. These include the following: 


@ Internal Nodes — the ability to define and 
refer to nodes completely within the array 
and isolated from direct contact with the 
device I/O pins. 


@ Bracket Freezing — the ability to tag (with 
square brackets) a Boolean subfunction 
which is not to be optimized by the AMAZE 
assembler but is to be realized within the 
design explicitly as described by equation. 
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Both features are key to the AMAZE ap- 
proach to macro generation. In particular, 
"bracket freezing'' allows the designer to 
make tradeoffs between wide and shallow 
combinational paths and long, narrow combi- 
national paths. 


In the current rendition of AMAZE, automatic 
placement and interconnect of the fused 
Boolean functions is the recommended ap- 
proach. Should the user decide to intervene, 
a special fuse table editor exists for manual 
alteration of the design file. This is not the 
recommended approach, but it also serves as 
a diagnostic tool to review design placement 
and interconnect. 


Future directions for software support include 
enhanced simulation, exhaustive automatic 
Boolean optimization, the development of a 
full library of macros, automatic design parti- 
tioning and a wide assortment of bells and 
whistles. 


Signetics Designing with Programmable 
Macro Logic 


Application Specific Products 


PLHS501 EXAMPLES USING 
AMAZE REVISION 1.6 File Name : GATES 


® Simple gate implementations pate : 9/15/1987 
® 8-bit barrel shifter Time : 9:30:16 


@ 12-bit comparator with dual 1 of 8 


HHHHHHEHERHE PIN LIST #########¢8# 
decoders 


Right 

@ §- - 

8-bit carry look-ahead adder shaadi FNC ** LABEL 
® 32 to 5 priority encoder +5V ** +5V **VCC 


xk **N/C 
xe **N/C 
**N/C 
**N/C 
**N/C 
a*eE) 
xeF3 
x*ES 
xk **N/C 
ak **N/C 
x* **F7X 
**GND 


® 8-bit shift register with 3-bit counter 
and sequence detector 


® 4-bit synchronous counter 


xx 
x* 
x* 


Following are six example applications for the 
PLHS501 using AMAZE Rev. 1.6. They 
should not be viewed as showing all possible 
capabilities of the device. They have been 
designed to demonstrate some of the 
PLHS501 features, syntax of AMAZE, and to 
give the reader some ideas for possible circuit 
implementations. 


xe 


*x* 


*x* 


rFouWUNnNxer sd 


I 
I 
I 
I 
z 
I 
Oo 
0 
ce) 
B 
ie) 
0 


< 


Top 
Note that these examples were written using “ih os JC 
AMAZE Rev. 1.6. Although Signetics will try I **N/C 
to keep succeeding versions of AMAZE com- I **N/C 
patible, it may be necessary to change some : ig 
syntax rules. Therefore, please refer to your I ¥**N/C 
AMAZE manual for any notes on differences, I **N/C 
if using a revision later than Rev. 1.6. I **N/C 
I **N/C 
I **N/C 
I **N/C 
SIMPLE GATE I **N/C 
IMPLEMENTATIONS _ oe 
In this example six functions were imple- 
mented for each of the three major types of Figure 6.1 Gates Pin List 


output structures. The six functions are AND/ 
OR, AOI, NAND, AND, OR and NOR. A 
requirement for the AND/OR and AO! gates 
was to use only two gates each from the 
foldback array and to combine these product 
terms in one NAND output gate. To achieve 
this result, it was necessary for the /B and /O 
outputs to write equations using internal 
nodes and brackets around the equation. 
Refer to Figures 6.1 and 6.2. 


For the simulation (Figures 6.3 and 6.4) a 
binary count of 0 through 15 hex was applied 
to the input D-A. Each output of the log file 
was checked against anticipated and other 
device outputs of the same function for cor- 
rect operation. 
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File Name : GATES 
Date : 9/15/1987 
Time : 9:30:35 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@Q@DESCRIPTION 


Various single and two level gate implementations using 
different output structures 


@INTERNAL NODE 
@COMMON PRODUCT TERM 
@I/O DIRECTION 

@I/O STEERING 
@LOGIC EQUATION 


“AND-OR using /B output” 
fl = /(7ta*b] * 7le*d]) 7 
“AND-OR-INVERT using B output” 
f2 = /[(atb) + (c*d)]; 
“NAND using /B output” 

£3 = /(a*b*c*d); 

“AND using B output” 

£4 = atb*crd; 

“OR using /B output” 

£5 = /(/ax/o*/c*/d) ; 

“NOR using B output” 

£6 = f/at/o*/c*/da; 


“AND-OR using XOR output” 
flx = (a*b)+(c*d); 
“AND-OR-INVERT using XOR output” 
f2x = /[(atb) + (c*d)}; 
“NAND using XOR output” 
£3x = /(a*b*c*d) ; 
“AND using XOR output” 
f4x = a*b*c*d; 
“OR using XOR output” 
£5x = /(/a*/b*/c*/d) ; 
“NOR using XOR output” 
f£6x = /a*/b*/c*/d; 
“XOR using XOR output” 
£7x : xrl = a; 

xr2 = b; 


“AND-OR using /O output” 
flo = /(/[a*b] * /{c*d]) ; 
“AND-OR-INVERT using O output” 
f20 = /{(a*b) + (c*d)]; 
“NAND using /O output” 
£30 = /(a*b*c*d) ; 

“AND using O output” 

£40 = a*tb*c*d; 

“OR using /O output” 

£50 = /(/a*/b*/c*/d) ; 

“NOR using O output” 

f60 = /at/o*/c*/da; 


TB03670S 
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Figure 6.2 Gates Boolean Equations 


“ Simulation input file for GATES 


222211111111111 
321098765432109876543210 76543210 


DCBA A is MSB, D is LSB 


HHLLLLHHHHHHHHHHKHHHHHHHH 
HHHLULLHHHHHHHHHHHHHHHHHH 
HHLHLLHHHHHHHHHHHHHHHHHH 
HHHHLLHHHHHHHHHHHHHHHHHH 
HHLLHLHHHHHHHHHHHHHHHHHH 
HHHLHLHHHHHHHHHHHHHHHHHH 
HHLHHLHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHLLLHHHHHHHHHHHHHHHHHHH 
HHHLLHHHHHHHHHHHHHHHHHHH 
HHLHLHHHHHHHHHHHHHHHHHHH 
HHHHLHHHHHHHHHHHHHHHHHHH 
HHLLHHHHHHHHHHHHHHHHHHHH 
HHHLHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
QUIT 


“Input all 0O’s A-D” 
“Input count 1” 
“Through... 


“Count 15 hex” 


Figure 6.3 Gates Simulation Input File 
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222211111111111 
321098765432109876543210 


110000111111111111111111 
111000111111111111111111 
110100111111111111111111 
111100111111111111111111 
110010111111111111111111 
111010111111111111111111 
110110111111111111111111 
111110111111111111111111 
110001111111111111111111 
111001111111111111111111 
LLOLOLLILYALIN791117127111 
111101111111111111111111 
110011111111111111111111 
2YTOL1L222123211112111111 
110111111111111111111111 
ZLLLVAAS LEAL IILI11121112 


PINLIST....« 


14 13 12 11 10 09 07 06 O05 04 03 02 O01 52 51 50 49 48 47 45 44 43 42 41 


Time = 13:59:42 Date = 9/14/1987 


< B,/B > 
76543210 


HHLHLHLL 


< XOR > 


76543210 


LLHLLHHL 
LLLHLHHL 
LLLHLHHL 
LLLHLHLH 
LHLHLHHL 
LHLHLHHL 
LHLHLHHL 


LLLHHLLH 


< /0,0 > 
76543210 


LLHLHHLH 
LHHLHLLH 
LHHLHLLH 
LHHHHLLL 
LHHLHLLH 
LHHLHLLH 
LHHLHLLH 
LHHHHLLL 
LHHLHLLH 
LHHLHLLH 
LHHLHLLH 
LHHHHLLL 
LHHHHLLL 
LHHHHLLL 
LHHHHLLL 
LHLHHLHL 


a el at i! Pa od 


I/O CONTROL LINES 
DESIGNATED I/O USAGE 


ACTUAL I/O USAGE 


18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 26 25 24 23 22 21 19 ; 


Figure 6.4 Gates Simulation Log File 
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8 BIT BARREL SHIFTER 
This 8-bit shifter will shift to the right, data 
applied to A7-A0O with the result appearing 
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File Name : BRLSHFT 
Date : 9/15/1987 


on OUT7 —- OUTO. Data may be shifted by 1 to Time : 9:31:58 


7 places by indicating the desired binary 
count on pins SHIFT2 —- SHIFTO. Data applied 


HERHHHEHRRRHRHEEHEEHEH PIN Lo S T ttt keke eet ttt tte HHH HE 


to the OUTO position for a shift of 1. For a Left Right 


shift of 0, A7 will appear on OUT7. LABEL 


Also included is a transparent latch for the 
output bits. The input 'COMPLMTO' will invert 
all output bits simultaneously and input /OE 
will 3-State all outputs. 
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FNC **PIN x* LABEL 
+5V ** **VCC 
* **N/C 
** **N/C 
xk **N/C 
* **N/C 
* **N/C 
xx x*TO 
** **xDl 
x* **xZ2 
x* **xL3 
*x* *xOUT7 
* **OUT6 
x* **xGND 


I 
I 
az 
I 
I 
a 
0) 
10) 
10) 
O 
10) 
0 


< 


Bottom Top 
xk *xPIN xk LABEL 
xk **xAL 
**AO 
**SHIFT2 
**SHIFT1 
** SHIFTO 
* * COMPLMTO 
*x* /LE 
** /OE 
x*N/C 
**N/C 
**N/C 
* *N/C 
**N/C 


Zz 
QO 


nx 


xx 


x* 


xx 


IDMDWOOKFRNFHPNWH UD 


x* 


xx 


kk 


x* 


| 
PP PUM UW 


xx 
x* 


xx 


YFoOoMWwWrte sy 
ar aa ae aad Ga 
HHHHHHHRHHHHRHARAaa SY 


xx 
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Figure 6.5 Barrel Shifter Pin List 
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Figure 6.6 8-Bit Barrel Shifter Schematic 
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File Name : BRLSHFT 
Date : 9/15/1987 
Time : 9:32:14 


@DEVICE TYPE 
PLHS501 
DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


8 Bit Barrel Shifter 
with 3-state latched outputs 


@INTERNAL NODE 

nodl ,nod2,nod3,nod4 ,nod5,nod6 ,nod7 ,nod8 ; 

nod9 ,nodl10,nod1l,nod12,no0d13,nod14,nod15,nod16; 
nodl7,nod18,nodl9,nod20,nod21,no0d22,nod23,nod24; 
nod25 ,nod26 ,nod27 ,nod28 ,nod29 ,nod30,nod31,n0d32; 
4.3,12,i11,10; 


@COMMON PRODUCT TERM 
roto /shift2 * /shiftl /shifto; 
rotl /shift2 * /shiftl shift0; 


Yoe?Z /snift2 * shiftl /shifto; 
rot3 /shift2 * shiftl shift0; 
rot4 shift2 * /shiftl /shifto; 
rots shift2 * /shiftl shift0; 
rot6 shift2 * shiftl /shifto; 
rot7 shift2 * shiftl shift0; 
@I/O DIRECTION 

xeO = oe; 

xel = ce; 

xe2 = ce; 

xe3 = 0e; 

@I/O STEERING 

QLOGIC EQUATION 


17 = /{a7 roto /le 
a6 * rotl Jie 
a5 rot2 Jie 
a4 rot3 Jle 
a3 rot4 fie 
a2 rots /le 
al rot6é Jie 


TB03710S 


Figure 6.7 Barrel Shifter Boolean Equations 
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/le 


fie 
/le 
Jie 
file 
/le 
fie 
Jie 
fle 


+++ + + + + + 


fie 
/le 
file 
fle 
Jie 
Jie 
Jie 
Jie 


+++ + 4+ 4+ 4+ 4+ 


file 
Jie 
Jie 
Jie 
Jie 
/ie 
Jie 
/ie 


++ +++ 4 + + 


x 
* 
* 
* 
= 
* 
* 
* 
* 


{a3 
[a2 
fal 
[aod 
{a7 
[a6 
{a5 
{a4 
{le * 


fle); 
fle); 
fie); 
fie); 
/ie); 
fle); 
fie); 
/le); 


* 4+ + + 4 © 4 


i 
Ww 
uw 


/( [/nodl1* /nod2* /nod3* /nod4 * /nod5* /nod6* /nod7* /nod8*/i3)); 


nod9 = [a2 * rotO * /le]; 
nodl0= [al * rotl * /le]; 


TB03720S 


Figure 6.7 Barrel Shifter Boolean Equations (Continued) 
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nodll= {a0 * rot2 * /le); 
nodl2= [a7 * rot3 * /le]; 
nodl3= [a6 * rot4 * /le]; 
nodl4= {a5 * rotS * /le]; 
nodl5= [a4 * rot6 * /le]; 
nodl6= (a3 * rot7 * /le); 


i2 = [le * 12}; 


12 = /( [/nod9*/nod10* /nod11* /nod12* /nod13* /nod14* /nod15*/nod16*/i2)) ; 


nodl7= [al * rotO * /le); 
nodl8= [a0 * rotl * /le]); 
nodl9= [a7 * rot2 * /le); 
nod20= [a6 * rot3 * /lej; 
nod2l= (a5 * rot4 * /le}j; 
nod22= (a4 * rotS * /le); 
nod23= [a3 * rot6 * /le); 
nod24= [a2 * rot7 * /le]); 


il = [le * 11]; 


ll = /( {/nod17* /nod18* /nod19* /nod20* /nod21* /nod22* /nod23* /nod24*/il}); 


nod25= [a0 * rotO * /le]j; 
nod26= [a7 * rotl * /le}; 
nod27= {a6 * rot2 * /le]j; 
nod28= [a5 * rot3 * /le); 
nod29= [a4 * rot4 * /le]; 
nod30= [a3 * rot5 * /le]j; 
nod3l= [a2 * rot6 * /le); 
nod32= [al * rot7 * /le); 


iO = [le * 10); 


10 = /( [/nod25* /nod26* /nod27 * /nod28* /nod29* /nod30* /nod31*/nod32*/i0] ) ; 


outdo 


out7 : xrl = /17; 

xr2 = complmto; 
out6 : xrl = /16; 

xr2 = complmto; 
outS : xrl = /15; 

xr2 = complmto; 
out4 : xrl = /14; 

xr2 = complmto; 
out3 : xrl = 13; 

xr2 = complmto; 
out2 : xrl = 12; 

xr2 = complmto; 
outl : xrl = ll; 


TB03730S 


xr2 = complmto; 


: xrl = 10; 


xr2 = complmto; 


TB03740S 


Figure 6.7 Barrel Shifter Boolean Equations (Continued) 
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“ Simulation input for BRLSHFT 
INPUTS 
Input 00° 
FF” 
hlhlhlhl1111h1lhhhhhhhhhh AA” 
Lhlhlhlhl1lllhlhhhhhhhhhh 55° 
1111111h1111h1lhhhhhhhhhh 1 Input 01” 
1111111 h11h1hlhhhhhhhhhh i 
1111111h1h11lhlhhhhhhhhhh 
1111111 h1lhhlhlhhhhhhhhhh 
1111111hh111hlhhhhhhhhhh 
1111111hhlhlhlhhhhhhhhhh 
1111111]hhhllhlhhhhhhhhhh 
1111111hhhhlhihhhhhhhhhh 
1111 hhhhh11llhihhhhhhhhhh j - Input OF” 
hlhlhlhlllhlhlhhhhhhhhhh i - Input AA” 
111111111111h1lhhhhhhhhhh “ShiftO - Input 00” 
11111111111 hhlhhhhhhhhhh “Complement output” 
1111 hhhh1111hlhhhhhhhhhh “ShiftO - Input OF” 
hlhlhlh1111111hhhhhhhhhh “start latch test” 
1111111h11111 1]. hhhhhhhhhh “continue... ‘ 
111111h1111111hhhhhhhhhh 
11111h11111111hhhhhhhhhh 
1111h111111111hhhhhhhhhh 
111h1111111111hhhhhhhhhh 
11h11111111111hhhhhhhhhh 
1h111111111111.hhhhhhhhhh 
h1111111111111hhhhhhhhhh 
111111111111 h1lhhhhhhhhhh “un-latch output” 
11111111111 1hhhhhhhhhhhh “3-state outputs” 
QUIT 


TB03750S 


Figure 6.8 Barrel Shifter Simulation Input File 


June 1988 589 


Signetics Application Specific Products 


June 1988 


Designing with Programmable Macro Logic 


222211111111111 
321098765432109876543210 


000000000000101111111111 
111111110000101111121112 
1010101000001031113311111 
010101010000101111111111 
000000010000101111111111 
000000010010101111111111 
000000010100101111111111 
000000010110101111111111 
000000011000101111111111 
000000011010101111111111 
000000011100101111111111 
000000011110101111111111 
000011111000101111111111 
101010100010101111111111 
000000000000101111111111 
000000000001101111111111 
000011110000101111111111 
101010100000001111111111 
000000010000001111111111 
000000100000001111111111 
00000100000C001111111111 
000010000000001111111111 
000100000000001111111111 
001000000000001111111111 
010000000000001111111111 
100000000000001111111111 
000000000000101111111111 
000000000000111111111111 


PINLIST... 


Time = 14:12:36 Date = 9/14/1987 


< B,/B > 
76543210 


HHHHLLLL 
LLLLHHHH 
LHLHLHLH 
HLHLHLHL 
HHHHHLLL 
HHHHLHLL 
HHHHLLHL 
HHHHLLLH 
HHHLLLLL 
HHLHLLLL 
HLHHLLLL 
LHHHLLLL 
LLLLLLLL 
HLHLHLHL 
HHHHLLLL 
HHHHLLLL 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHEHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHLLLL 
HHHHLLLL 


< XOR > 


76543210 


LLLLLLLL 
HHHHHHHH 
HLHLHLHL 
LHLHLHLH 


HHHHLLLL 
LHLHLHLH 
LLLLLLLL 
HHHHHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 


I/O CONTROL LINES 


< /0,0 > 


76543210 


LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 


TRACE TERMS 


DESIGNATED I/0 USAGE 


ACTUAL I/O USAGE 


14 13 12 11 10 09 07 06 05 04 03 02 O1 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


2? 26 25 24 23 22 21 19 ; 


TB03760S 


Figure 6.9 Barrel Shifter Simulation Log File 
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12 BIT COMPARATOR WITH 
File Name : 12BITCMP DUAL 1 OF 8 DECODERS 


Date : 9/15/1987 Two functions that are very often associated 
Time : 9:36:0 with controlling |/O parts are address com- 
parison and address decoding. In this exam- 
ple, both functions are programmed into a 


HHERHHEHHHEHHHEHHHEEE P IN Lo S UT tthkkt eee eee et tt tHE EH 


Left Right PLHS501 using 52 out of the 72 foldback 
LABEL FNC ** = LABEL NAND terms. 

+5V **VCC 

I **A4 The comparator compares 12 bits on inputs 

: Ween A11-A0 to inputs B11- BO when the input 

I *xAl ‘'ENCMP" is High. Output 'CMPOUT' will 

I **AO become active-Low when all 12 bits of the A 

/O  **CMPOUT input match the B. Selection between the two 

a decoders is done with input 'R/W'. Only one 

I **DAO output may be active (Low) at a time. Al- 

QO **R7 though currently separate functions, the de- 

O **R6 coder enable may be derived internally from 

ae SSN 'CMPOUT' freeing 2 bidirectional pins which 

together with available foldback NAND terms, 

Top may be used to incorporate a third function. 


failed LABEL 
**BS 
xx BS 
**B3 
**B2 
**BlL 
**BO 
**ALI 
**A10 
**AY 
xx AB 
xx AT 
**xA6 
** AS 


fl1-AG 


611-80 —— > 


COMPARE CMPOUT 


ENCOMP 


WMH WH WW WW WW WW WA 


7B03770S 


Figure 6.10 12-Bit Comparator Pin List 
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Figure 6.11 12-Bit Comparator with 
Dual 1-8 Decoders Block Diagram 
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File Name : 12BITCMP 
Date : 9/15/1987 
Time : 9:36:17 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
QCOMPANY 
@NAME 
(DESCRIPTION 


12-bit address comparator and dual 1 of 8 decoders 


@INTERNAL NODE 
axb0,axbl,axb2,axb3,axb4,axb5,axb6; 
axb7,axb8,axb9,axbl0,axbll; 
@COMMON PRODUCT TERM 
ad0=/da2* /dal*/da0*dcdren; 
adl=/da2*/dal* da0*dcdren; 
ad2=/da2* dal*/da0*dcdren; 
ad3=/da2* dal* da0*dcdren; 
ad4= da2*/dal*/da0*dcdren; 
ad5= da2*/dal* da0*dcdren; 
ad6= da2* dal*/da0*dcdren; 
ad7= da2* dal* da0*dcdren; 
@I/O DIRECTION 

@I/O STEERING 

QLOGIC EQUATION 


“12-Bit Address Comparator” 


axbO = a0*/b0 
axbl al*/bl 
axb2 a2*/b2 {a2*b2; 
axb3 a3*/b3 /a3*b3; 


+ /a0*b0; 
+ 
" 
+ 

axb4 a4*/b4 + /a4*b4; 
+ 
+ 
+ 
+ 


f/al*bdl; 


axb5 a5*/b5 J/astbos; 
axb6 aé6*/b6 /ab*b6 ; 
axb7 a7*/b7 /al*b7; 
axb8 a8*/b8 /a8*b8 ; 
axb9 = a9*/b9 + /a9*b9; 
axblO = al0*/bl0 + /al0*bl0; 
axbll = all*/bll + /all*bll; 


TB03780S 
cmpout = /(/axb0* /axbl* /axb2* /axb3* /axb4* /axb5* /axb6 * /axb7* /axb8* /axb9* 
/axbl0*/axbll*encomp) ; 


“Dual 1 of 8 decoders 


da2-daO are address inputs 

dcdren is an enable input 

rw selects which group of 8 outputs r7-r0 or w/-w0 
will have the decoded active low output” 


/(ad7*/rw) ; 
/(ad6*/rw) ; 
/(adS*/rw) ; 
/(ad4*/rw) ; 
/(ad3*/rw) ; 
/(ad2*/rw) ; 
/(adl*/rw) ; 
/(adO*/rw) ; 


/(aad7* rw); 
/(ad6* rw); 
/(adS* rw); 
/(ad4* rw); 
/(ad3* rw); 
/(ad2* rw); 
/(adl* rw); 
/(adO* rw); 


TB03790S 


Figure 6.12 12-Bit Comparator Boolean Equations 
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222 2HHHHHHHHHHH 
32HL98765432HL98765432HL 


LLULLLLLLLLLLLLLLLLLLLLLL 
LLLLLLLLLLLLLLLLLLLLLLLL 
HLHLHLHLHLHLHLHLHLHLHLHL 
LHLHLHLHLHLHLHLHLHLHLHLH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHLHHHHHHHHHHH 


PLHS501 


QUIT 


“ Simulation inputs for 12BITCMP 


765432HL 


-LLL-LLL 
—-LLH-LLL 
~LLH-LLL 
—LLH-LLL 
-LLH-LLL 
—-LLH-LLL 
-~LHL-LLL 
—-HHL-LLL 
—-HHL-LLH 
—-HHL-LHL 
—-HHL-LHH 
-HHL-HLL 
—HHL-HLH 
—-HHL-HHL 
—-HHL-HHH 
~LHL-HHH 


“disable comp” 
“enable comp” 
“comp AA” 
“comp 55” 
“comp FF” 
“A not equal B” 

“enable decoder W” 
“enable decoder R” 


“count 


1" 
5" 
3° 
4" 
5” 
6 
7° 


“enable decoder W” 


TBO3800S 


Figure 6.13 12-Bit Comparator Simulation Input File 


12BITCMP 


222211 iliiill 
321098765432109876543210 


000000000000000000000000 
000000000000000000000000 
101010101010101010101010 
010101010101010101010101 
VLLLEILTILTIULALEILAL EAL 
LIDIZIPTILILOWI AAAI. 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 


PINLIST... 


14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 


Time = 15:0:58 Date 


< B,/B > 
76543210 


HOOOHOOO 
HOO1LO000 
HOO1L000 
HOO1L000 
HOO1LOOO 
HOO1HOOO 
HO10HOOO 
H110HOOO 
H110HOO1 
H110HO10 
H110HO11 
H110H100 
H110H101 
H110H110 
H110H111 
HO10H111 


OIITIOIII 
OITIOIII 


< XOR > 


76543210 


HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHL 
HHHHHHLH 
HHHHHLHH 
HHHHLHHH 
HHHLHHHH 
HHLHHHHH 
HLHHHHHH 
LHHHHHHH 
HHHHHHHH 


I/O CONTROL LINES 


€ /0,O0 > 


76543210 


HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHL 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
LHHHHHHH 


9/14/1987 


TRACE TERMS 


DESIGNATED I/O USAGE 
ACTUAL I/O USAGE 


18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 26 25 24 23 22 21 19 


Figure 6.14 12-Bit Comparator Simulation Log File 
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8-BIT CARRY LOOK-AHEAD 


ADDER File Name : 8BITADDR 
This function may be used as part of an ALU Date : 9/15/1987 


design or simply to off-load a microprocessor. Time : 92:37:21 
Figure 6.16 is a block diagram showing the 


ae HHHRERHR RHEE PIN 
individual components needed for each bit. mpreneaee He LED EPPEDER STREET TERT SES 


: ‘ , : Left Right 
rry in is provided along with g 
A carry input (CO) is provided along with a LABEL **PIN PIN** ** LABEL 


carry output (C8). The result of an addition xe |-46 ** **VCC 
between the inputs A7 —- AO and B7 - BO oc- ae |-45 ** **N/C 
curs on outputs SUM7 - SUMO. sl |-44 ** K*N/C 
xx |-43 *x* **N/C 
— [-42 ** **N/C 
** |-41 x* **N/C 
a |-40 **N/C 
x* **N/C 
=“ **N/C 
x* **N/C 
ak **SUM7 
ape * * SUM6 

**GND 


Bi 
E 
I 
I 
I 
I 
B 
B 
B 
B 
@) 


Bottom Top 
LABEL ee } } NC **® LABEL 

N/C ball x*xAl] 
N/C “x x**xAO 
N/C ae x*B7 
N/C “x **BGE 
N/C xx **xBS 
N/C =e **B4 
N/C we **B3 
SUMO x* **B2 
SUM1 a* *xBl 
SUM2 ** **BO 
SUM3 xk **CO 
SUM4 xs **N/C 
SUM5 x* **N/C 


TB03820S 


Pin List 


BD10370S 


NOTES: 
G1' = G4 + P4* G3 + P4*P3*G2 + P4*P3*P2* G1; C1 =G1+P1* CO; 
P1'=P4*P3*P2*P1 C2 = G2 + P2 * G1 + P2* P1 * CO; 
G2' = G8 + P8 * G7 + P8 * P7 * G6 + P8 * P7 * P6 * G5; C3 ='G3 + P3 *:'G2 + P3 *P2*'Gi + P3*P2*P1 *\Co; 
P2' =P8*P7*P6*P5 C4 = G1' + P1' * CO; 
C5 = G5 + PS * G1' + PS * P1' * CO; 
C6 = G6 + P6 * G5 + P6 * P5 * G1' + P6 * P5 * P1' * CO; 
C7 = G7 + P7 * G6 + P7 * P6 * G5 + P7 * P6 * P5* G1' + P7 * P6* P5 * P1' * CO; 
C8 = G2' + P2' * G1' + P2' * P1' * Co; 


Figure 6.16 8-Bit Carry Look-Ahead Adder Block Diagram and Equations 
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File Name : 8BITADDR 

Date : 9/15/1987 

Time : 9:37:36 p6 = /(/a5*/b5) ; 
@QDEVICE TYPE g6 = /gn6; 
PLHS501 

QDRAWING gn7 = /(a6*b6); 
@REVISION p7 = /(/a6*/b6) ; 
@DATE g7 = /gn7; 
@SYMBOL 

(@COMPANY gn8 = /(a7*b7); 
@QNAME p8 = /(/a7*/bd7); 
Q@DESCRIPTION g8 = /gn8; 

8 Bit Carry Look-Ahead Adder 


@INTERNAL NODE “level-1 functions” 
g8, gl, 92, 93, 94, 95, 96, 97; gl_l = 94 + p4*g3 + p4*p3*g2 + p4*p3*p2*gl; 
p8, pl, p2, p3, p4, p5, pé6, p7; g2_1 = g8 + p8*g7 + p8*p7*g6 + p8*p7*p6*g5; 
gn8,gnl,gn2,gn3,gn4,gn5,gn6,gn7; 
c1,¢2,¢3,0c4,C05,c6,¢c7; “carry information” 
g1_1,g2_1; cl = gl + pl*c0; 
@COMMON PRODUCT TERM c2 = g2 + p2*gl + p2*pl*c0; 
@I/O DIRECTION c3 = g3 + p3*g2 + p3*p2*gl + p3*p2*pl*c0; 
@I/O STEERING c4 = gl_l + p4*p3*p2*pl*c0; 
QLOGIC EQUATION cS = g5 + p5*gl_1l + p5*p4*p3*p2*pl*c0; 
cé6 g6 + p6*g5 + p6*p5*gl_1 + p6*p5*p4*p3*p2*pl*c0; 
“level-0O functions” c7 = g7 + p7*g6 + p7*p6*g5 + p7*p6*p5*gl_ 1 + 
gnl = /(a0*b0); P7*p6*p5*p4*p3*p2*pl*c0; 
pl = /(/a0*/b0) ; c8 = g2_1 + p8*p7*p6*p5*gl_1 + p8*p7*p6*p5*p4*p3*p2*pl*c0; 
gl = /gnl; 
“addition functions” 

gn2 = /(al*bl); sum0 : xrl co; 
p2 = /(/al*/bl); xr2 = pl * gnl; 
g2 = /gn2; suml : xrl cl; 

xr2 p2 * gn2; 
gn3 = /(a2*b2); sum2 : xrl C2; 
p3 = /(/a2*/b2); xr2 p3 * gn3; 
g3 = /gn3; sum3 : xrl C3; 

xr2 p4 * gn4; 
gn4 = /(a3*b3); sum4 : xrl c4; 
p4 = /(/a3*/d3) ; xr2 p5 * gn5; 
g4 = /gn4; sum5 : xrl cs; 

xr2 p6 * gn6; 
gn5 = /(a4*b4); sum6 : xrl c6; 
p5 = /(/a4*/b4) ; xr2 p7 * gn7; 
gS = /gn5; sum7 : xrl c7; 

xr2 p8 * gn8; 
gn6 = /(a5*b5); 8040708 


TB03830S 


Figure 6.17 8-Bit Adder Boolean 
Equations 


Figure 6.17 8-Bit Adder Boolean Equations (Continued) 


8 Bit Adder Simulation input 


> <€ B,/B > 
2222HHHHHHHHHH1 
321098765432109876543210 76543210 


LLULLLLLLLLLLLLLLLHHHHHHH + 0° 
HHHHHHHLLLLLLLLHLHHHHHHH + FF” 
HHHHHHHLLLLLLLHLLHHHHHHH + FF” 
LHHHHHHHLLLLLLLLHHHHHHHH + 7F + CARRY IN” 
HLHLHLHLLHLHLHLHLHHHHHHH “AA + 55” 
HLHLHLHLLHLHLHLHHHHHHHHH “AA + 55 + CARRY IN” 
LLHHHHHHLLLHHHHHLHHHHHHH 

QUIT 


TBO03840S 


Figure 6.18 8-Bit Adder Simulation Input File 
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8BITADDR 


PLHS501 


2222141111 021121 
321098765432109876543210 


000000000000000001111111 
111111100000000101111111 
111111100000001001111111 
011111110000000011111111 
101010100101010101111111 
101010100101010111111111 
001111110001111101111111 


PINLIST... 


Time = 15:41:33 Date = 9/14/1987 


< B,/B > 
76543210 


HHHHLLLL 
HHHHLLLL 
HHHHLLLL 
HHHHLLLL 
HHHHLLLL 
HHHHLLLL 


« XOR > 


76543210 


LLULLLLLL 
HHHHHHHH 
LLLLLLLL 
HLLLLLLL 
HHHHHHHH 
LLULLLLLL 
LHLHHHHL 


I/O CONTROL LINES 


< /0,0 > 


76543210 


LLLLHHHL 
LLLLHHHL 
LLLLHHHH 
LLLLHHHL 
LLULLHHHL 
LLLLHHHH 
LLLLHHHL 


TRACE TERMS 


DESIGNATED I/0 USAGE 


ACTUAL I/O USAGE 


14 13 12 11 10 09 07 06 O5 04 03 O02 O01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 26 25 24 23 22 21 19 


TBO3850S 


Figure 6.19 8-Bit Adder Simulation Log File 
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32- to 5-BIT PRIORITY 
File Name : ENCODER ENCODER 


Date : 9/15/1987 This relatively simple example demonstrates 
Time : 9:38:43 the capability of the PLHS501 to be pro- 
grammed with functions that are not available 
in 'standard' device libraries. The equations 

Left Right may look difficult at first glance. However, 
LABEL FNC **PIN FNC ** LABEL there is a pattern to the encoding. Referring 


ae _ hrs to Figure 6.21, Lab4 — Lab1 are terms that are 


I19N x*I3N common to several outputs (A4n - AOn). Sep- 
I20N **I2N arating them from the main equations allows 
Saun **I1N a total reduction in the numbers of gates 
I22N **ION d 

123N **131N aii 
I24N **I30N 
I25N **I29N 
I26N **I28N 
I27N **N/C 
N/C **A4N 
GND **GND 


HHHHHEHHEHHERHRRREHEE P IN LIS T ###eHRRRHHERR RRR EERE 


O HH HW HW HW HHH HW 


32 13 5 


lt-16¢—— > PRIGRITYE S AL-FC 


CO OH HH HHH HH a 


° 
= 
< 


20- | 
ENCODER SSN 


Bottom Top 
LABEL ae **PIN ** LABEL 
** ** 21-| *x*T17N 
** ** 22-| x*xTI6N 
x* x 23-| **I15N 
xx xx 24- | **TL4N 
xk ** 25-| **T13N 
** xx 26-| **T12N 
* ** 27-| ** TIN 
xx xx 28-| xx TION 
x xx 29-| ** ION 
xk ** 30-| **I8N 
** kk 31-| ** TIN 
** ** 32-| *x*xI6N 
xk xx 33-| ** ISN 


BD10380S 


Figure 6.21 32 to 5 Priority Encoder 
Block Diagram 


HHH HWW WW WA WWW a 


TBO3860S 


Figure 6.20 Encoder Pin List 
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File Name : ENCODER 
Date : 9/15/1987 
Time : 9:39:1l 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 


@DESCRIPTION 
32 TO 5 PRIORITY ENCODER 


@COMMON PRODUCT TERM 

cptl = 126n*i27n*i28n*i29n*i30n*i3l1n; 
cpt2 = i120n*i21n*i22n*i23n*i24n*i25n; 
cpt3 = i14n*il5n*il6n*il7n*il8n*il9n; 
cpt4 = i8n*i9n*ilOn*illn*il2n*il3n; 


@INTERNAL NODE 

eo labl lab2 lab3 lab4 
@I/O DIRECTION 

@I/O STEERING 


QLOGIC EQUATION 

labl = ( /i3ln 

(/i27n*i28n*i29n*i30n*i3ln]) 
[/i23n*i24n*i25n*cptl] 
(/il9n*cpt2*cptl]} 
(/il5n*il6n*il7n*il8n*il9n*cpt2*cptl] 
[/illn*il2n*il3n*cpt3*cpt2*cptl] 
{/i7n*cpt4*cpt3*cpt2*cptl] 
[/i3n*i4n*i5n*i6n*i7n*cpt4*cpt3*cpt2*cptl) ); 
{[/i23n*i24n*i25n*cptl]) 
(/i22n*i23n*i24n*i25n*cptl]} 
(/i21n*i22n*i23n*i24n*i25n*cptl} 
(/i20n*i21n*i22n*i23n*i24n*i25n*cptl) ); 
(/il5n*il6n*il7n*il8n*il9n*cpt2*cptl] 
(/il4n*il5n*il6n*il7n*il8n*il9n*cpt2*cptl} 
{[/il3n*cpt3*cpt2*cpt1l] 
[/il2n*il3n*cpt3*cpt2*cptl] ); 

/i3in 

{/i30n*i3ln]) 

{[/i29n*i30n*i3ln) 
{/i28n*i29n*i30n*i3l1n) 


t+ +t ¢enetetentregentte tee te te t+ 


TB03870S 


Figure 6.22 Encoder Boolean Equations 
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+ [/i27n*i28n*i29n*i30n*i3ln]) 
+ [/i26n*i27n*i28n*i29n*i30n*i3ln]) 
+ {/i25n*cptl] 
+ [/124n*i25n*cptl) ); 
eo = /(1i0n*iln*i2n*i3n*i4n*is5n*i6nti7n 
*18n*i9n*il0n*illn*il2n*il3n*il4n*il5n 
*116n*i17n*il8n*il9n*i20n*i21n*i22n*i23n 
*124n*i25n*cptl) ; 
gsn = /eo; 
eon = e0; 
aOn = /( labl 
+ [/i29n*i30n*i3l1n]} 
{[/i25n*cptl] 
{/i21n*i22n*i23n*i24n*i25n*cptl] 
(/il7n*il8n*il9n*cpt2*cptl]} 
[/il3n*cpt3*cpt2*cptl]} 
[/i9n*il0n*illn*il2n*il3n*cpt3*cpt2*cptl] 
{[/iSn*i6n*i7n*cpt4*cpt3*cpt2*cptl) 
[/iln*i2n*i3n*i4n*isSn*ié6n*i7n*cpt4*cpt3*cpt2*cptl]); 
labl 
(/i30n*i3l1n) 
{/i26n*i27n*i28n*i29n*i30n*i3ln) 
{/i22n*i23n*i24n*i25n*cptl]) 
{/i18n*il9n*cpt2*cptl} 
(/il4n*il5n*il6n*il7n*il8n*il9n*cpt2*cptl] 
(/il0n*illn*il2n*il3n*cpt3*cpt2*cptl] 
(/i6n*i7n*cpt4*cpt3*cpt2*cptl} 
(/i2n*i3n*i4n*isSn*ién*i7n*cpt4*cpt3*cpt2*cptl] ); 
fi3in 
{/i30n*i3ln] 
{[/129n*i30n*i3l1n} 
{[/i28n*i29n*i30n*i3ln] 
lab2 
lab3 
[/i7n*cpt4*cpt3*cpt2*cptl]} 
{/i6n*i7n*cpt4*cpt3*cpt2*cptl) 
{[/iSn*ié6n*i7n*cpt4*cpt3*cpt2*cptl] 
[/i4n*i5Sn*i6n*i7n*cpt4*cpt3*cpt2*cptl]); 
lab4 
lab3 
[/illn*il2n*il3n*cpt3*cpt2*cpt1} 
{/il0n*illn*il2n*il3n*cpt3*cpt2*cptl) 
{/i9n*il0n*ilin*il2n*il3n*cpt3*cpt2*cptl] 
[/i8n*i9n*ilOn*illn*il2n*il3n*cpt3*cpt2*cptl]); 
lab4 
lab2 
{[/i19n*cpt2*cpt1l] 
[/i18n*il9n*cpt2*cptl] 
(/i17n*i18n*il9n*cpt2*cptl] 
{/il6n*il7n*il8n*il9n*cpt2*cptl}); 


~ +t etete tet 


aln = 


SS 


~ +++ tt t+ 4+ + 


a2n = 


~\ 


~+ tee tee te tt 


a3n = 


N 


= 
Ben 1B03880S 


SS 
++ ++ +r t+ 4 4 4 
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Figure 6.22 Encoder Boolean Equations (Continued) 
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32 to 5 Priority Encoder 


HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHL 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
LHHHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HHHLHHHHHHHHHHHHHHHHHHHH 
HHHHLHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHLHHHHHHHHHHHHHHHHH 
HHHHHHHLHHHHHHHHHHHHHHHH 
HHHHHHHHLHHHHHHHHHHHHHHH 
HHHHHHHHHLHHHHHHHHHHHHHH 
HHHHHHHHHHLHHHHHHHHHHHHH 
HHHHHHHHHHHLHHHHHHHHHHHH 
HHHHHHHHHHHHLHHHHHHHHHHH 
HHHHHHHHHHHHHLHHHHHHHHHH 
HHHHHHHHHHHHHHLHHHHHHHHH 
HHHHHHHHHHHHHHHLHHHHHHHH 
HHHHHHHHHHHHHHHHLHHHHHHH 
HHHHHHHHHHHHHHHHHLHHHHHH 
HHHHHHHHHHHHHHHHHHLHHHHH 
HHHHHHHHHHHHHHHHHHHLHHHH 
HHHHHHHHHHHHHHHHHHHHLHHH 
HHHHHHHHHHHHHHHHHHHHHLHH 
HHHHHHHHHHHHHHHHHHHHHHLH 
HHHHHHHHHHHHHHHHHHHHHHHL 
HHHHHHHHHHHHHHHHHHHHHHHH 
LLULLLLLLLLLLLLLLLLLLLLLL 
HHHLHHHLHHHHLHHHHLHHHLHH 


QUIT 


Simulation Input 


HHHHHHHH 
HHHHLHHH 
HHHHHHHH 
HHHHHLHH 
HHHHHHLH 
HHHHHHHL 
LHHHHHHH 
HLHHHHHH 
HHLHHHHH 
HHHLHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
LLLULLLLL 
HHHLHHLH 


“Inputs all high” 
“I31 - LSB low” 
“I0 - MSB low” 
“I30 low” 

“129° 

“128” 

“127° 

“126° 

“125° 

“124° 

“123” 

“I22" 

"I21”" 

"520" 

“I19" 

“118” 

“117 

“EL6” 

“r15” 

“I14" 

“ 213" 

“222~ 

“ELL 

“I10° 

19° 

“IE° 

“317° 

“16° 

“15° 

“14° 

33° 

“12° 

“r1° 

“10° 

“ALL HIGH” 

“ALL LOW” 
“Several simultaneously” 


TBO3900S 


Figure 6.23 Encoder Simulation Input File 
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PLHS501 ENCODER Time = 15:50:28 Date = 9/14/1987 


<« B,/B > < XOR > < /O,O0 > TRACE TERMS 
2222111111111 
321098765432109876543210 76543210 76543210 76543210 


1111111121111111111111111 11111111 LHHHHHLH LLLLHHHH 
111111111111111111111111 11110111 LLLLLLHL LLLLHHHH 
1121111111111111111111110 11111111 LHHHHHHL LLLLHHHH 
111111111111111111111111 11111011 LLULLLHHL LLLLHHHH 
111111111112111111111111 12111101 LLULLHLHL LLLLHHHH 
1112111111111111211111111 11111110 LLLLHHHL LLLLHHHH 
1111122111111111111111111 01111111 LLLHLLHL LLLLHHHH 
111111111111111111111111 10111111 LLLHLHHL LULLHHHH 
111111111111111111111111 11011111 LLLHHLHL LLLLHHHH 
121111111111111111111111 11101111 LLLHHHHL LLLLHHHH 
011211211111111111111111 12111111 LLHLLLHL LLLLHHHH 
101111111111111111111111 111211111 LLHLLHHL LULLHHHH 
110111111111111111111111 11111111 LLHLHLHL LLULLHHHH 
111011111111111111111111 11111111 LLHLHHHL LLLLHHHH 
211102111111111111111111 11111111 LLHHLLHL LLLLHHHH 
111110111111111111111111 11111111 LLHHLHHL LLLLHHHH 
111111011211111111111111 11111111 LLHHHLHL LULLHHHH 
111111101111111111111111 11111111 LLHHHHHL LLLLHHHH 
111111110111111111111111 11111111 LHLLLLHL LLLLHHHH 
111211111011111111111111 11111111 LHLLLHHL LLLLHHHH 
12111121111021111111111111 111121111 LHLLHLHL LULLHHHH 
111111111110111111111111 11111111 LHLLHHHL LLULLHHHH 
111111111111011111111111 11111111 LHLHLLHL LLLLHHHH 
1111111111111011111121111 11111111 LHLHLHHL LLLLHHHH 
11112111211111110111111111 11111111 LHLHHLHL LLLLHHHH 
1121111111111171011111111 11111111 LHLHHHHL LLLLHHHH 
1211111111111112101111111 11111111 LHHLLLHL LULLHHHH 
12112211111111111101111121 11111111 LHHLLHHL LULLHHHH 
1211121111111111111011111 11111111 LHHLHLHL LLLLHHHH 
1111211111111111111101111 11111111 LHHLHHHL LLLLHHHH 
1221112111121111111110111 111121111 LHHHLLHL LLLLHHHH 
1112122111111111111111011 11111111 LHHHLHHL LLLLHHHH 
122112111111111111111101 11111111 LHHHHLHL LLLLHHHH 
1222121111111111111111110 11111111 LHHHHHHL LLLLHHHH 
21111212111111211111111111 11111111 LHHHHHLH LLULHHHH 
000000000000000000000000 00000000 LLLLLLHL LLLLHHHH 
111011101111011110111011 11101101 LLLLHLHL LLLLHHHH 


I/O CONTROL LINES 
TITITIII DESIGNATED I/O USAGE 
FILILLIL ACTUAL I/O USAGE 


TB03910S 


PINLIST... 

14 13 12 11 10 09 07 06 O05 04 03 02 O01 52 51 50 49 48 47 45 44 43 42 41 
18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 

27 26 25 24 23 22 21 19 ; 


TBO03920S 


Figure 6.24 Encoder Simulation Log File 
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8-BIT SHIFT REGISTER WITH 
SEQUENCE DETECTOR vite awe <. Bonen 


This example demonstrates an application Date : 9/15/1987 
using D type edge-triggered flip-flops. Six Time : 9:41:16 

NAND gates are used for each flip-flop (Fig- 
ure 3.2). Note that to add an asynchronous 


HFHHHHHRHHR RHR RARER RRR Po ION LIS T ##kHRR THEE HH HR HH RH RE HF 


reset and/or set to any flip-flop requires no Left Right 
additional gates. Also, every flip-flop must LABEL FNC **PIN ol LABEL 
have a reset or set line to initialize it. Without vec alate ie 
being initialized, the simulator will not be able a : 7 ine 
to determine the output states as it could N/C I *e* **N/C 
power-up in either a set or reset condition. An DATA I ** **N/C 
uninitialized flip-flop will cause AMAZE 1.6 to CLK rt ** een 
display a message indicating the outputs are tel ne 
not stabilized within a certain time period. DETIN O **CQ] 
As can be seen from the block diagram os 7 a 
(Figure 6.26) this design consists of an 8-bit N/C ** © **06 
shift register, 3-bit ripple counter and 2 flip- GND = gy **GND 
flops that are set only upon detection of re — 
specific patterns. The patterns are read from LABEL ane ae 

the Q and QN outputs of the shift register. ae rEN/C 


Since the input to the second flip-flop has the lad 
output of the first flip-flop as a product term, ia 
detection of the first pattern is a requirement 
for the detection of the second. 


**N/C 
**N/C 
**N/C 
**N/C 
**N/C 
* *N/C 
* *N/C 
x*N/C 
**N/C 
* *N/C 
**N/C 
**N/C 


HWW HARA A RRR 


TB03930S 


8D10390S 


Figure 6.26 Shift Register with Sequence Detector Block Diagram 
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File Name : 8BTSHFT 
Date : 9/15/1987 
Time : 9:41:35 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@QREVISION 
@DATE 
@SYMBOL 
@COMPANY 
@QNAME 
DESCRIPTION 


8 Bit Shift Register with 16 bit Sequence Detector 


@INTERNAL NODE 

SNO,RNO,QO; 

SN1,RN1,Q1; 

SN2,RN2,Q2; 

SN3,RN3,Q3; 

SN4,RN4,04; 

SN5,RN5,Q5; 

SN6,RN6,06; 

SN7,RN7,Q7; 

CSNO,CRNO,CQNO; 

CSN1,CRN1,CQN1; 

CSN2,CRN2,CQN2; 

PSNO,PRNO; 

PSN1,PRN1; 

(@COMMON PRODUCT TERM 

PAT] = Q7*Q6*Q5*Q4*0Q3*Q2*Q1*Q0; 
PAT2 = Q7*Q6*Q5*Q4*Q3*Q2*Q1*Q0; 
@1/0 DIRECTION 

@I/o STEERING 

@LOGIC EQUATION 


“8 D-TYPE FLIP FLOPS CONNECTED AS SHIFT REGISTER” 


SNO = /(CLK*RST*(/(SNO*(/[DATA*RST*RNO] )))); 
RNO = /(SNO*CLK*(/[DATA*RST*RNO] )); 
Q0 /(SNO* (/[RNO*QO*RST]) )); 


/(CLK*RST* (/(SN1*(/[QO*RST*RN1] )))); 
/(SN1*CLK* (/[QO*RST*RN1] )); 
/(SN1*(/[RN1*Q1*RST] )); 


TB03940S 


Figure 6.27 8-Bit Shifter Boolean Equations 
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/ (CLK*RST* (/(SN2*(/(Q1*RST*RN2])))), 
/(SN2*CLK* (/[Q1L*RST*RN2]J )); 
/(SN2*(/[RN2*Q2*RST] )); 


/ (CLK*RST* (/(SN3*(/[Q2*RST*RN3] )))) i 
/ (SN3*CLK* (/[Q2*RST*RN3] )); 
/(SN3* (/[RN3*Q3*KST] )) ; 


/(CLK*RST* (/(SN4*(/[Q3*RST*RN4])))); 
/ (SN4*CLK* (/[Q3*RST*RN4] )) ; 
/(SN4* (/[RN4*Q4*RST) ) ); 


/ (CLK*RST* (/(SN5*(/([Q4*RST*RNS] )))); 
/(SN5*CLK* (/(Q4*RST*RN5] )); 
/ (SNS*(/[RN5*Q5*RST] )); 


/(CLK*RST* (/(SN6* (/(Q5*RST*RN6) )))); 
/ (SN6*CLK* (/({Q5*RST*RN6] )) ; 
/ (SN6* (/[RN6*Q6*RST] ) ) ; 


/(CLK*RST* (/(SN7* (/[Q6*RST*RN7])))); 
/(SN7*CLK* (/[Q6*RST*RN7} )) ; 
/(SN7*(/[RN7*Q7*RST] )); 


= Q0; 
Ql; 
Q2; 
Q3; 
Q4; 
Q5; 
Q6; 
Q7; 


D-TYPE FLIP FLOPS CONNECTED AS A RIPPLE COUNTER” 


CSNO = /(CLK*RST* (/(CSNO*(/[CQNO*RST*CRNO})))); 
CRNO = /(CSNO*CLK*(/[CQNO*RST*CRNO] )); 

CQO = /(CSNO*CQNO) ; 

CQNO = /(CRNO*CQO*RST) ; 


CSN1 = /(CQNO*RST*(/(CSN1*(/[CQN1*RST*CRN1])))); 
CRN1 = /(CSN1*CQNO*(/[CQN1*RST*CRN1])); 

cQl /(CSN1*CON1) ; 

CQN1 = /(CRN1*CQ1*RST) ; 


CSN2 /(CQN1*RST* (/(CSN2* (/[CON2*RST*CRN2])))); 


CRN2 / (CSN2*CQN1* (/[CQN2*RST*CRN2] )); 
CQ2 / (CSN2*CQN2) ; 
CQN2 / (CRN2*CQ2*RST) ; 


TB03950S 


“2 D-TYPE FLIP FLOPS USED FOR PATTERN SEQUENCE DETECTION. 
Sequence to be detected is 16 bits - 55AA Hex. 
When the pattern is detected, pin det2 will go high. 


In this example, both pattern 1 and pattern 2 are set to FF hex. To 
change the pattern to 55AA, the STD file (P68 and P70) was edited using 
FTE. This was necessary because AMAZE 1.6 only allows 40 internal labels, 
so it was not possible to reference the QN nodes of the shift register 
flip-flops.” 


PSNO = /(CQN2*RST*(/(PSNO*(/[PAT1*RST*PRNO])))); 
PRNO = /(PSNO*CQN2*(/[PAT1*RST*PRNO] )); 

DETIN = (PSNO*/DET1) ; 

DET] = (PRNO*/DETIN*RST) ; 


PSN1l = /(CQN2*RST*(/(PSN1*(/[PAT2*DET1*RST*PRN1] )))); 
PRN1 = /(PSN1*CQN2*(/{PAT2*DET1*RST*PRN1]J)); 

DET2N = (PSN1*/DET2); 

DET2 = (PRN1*/DET2N*RST) ; 


TBO3960S 


Figure 6.27 8-Bit Shifter Boolean Equations (Continued) 
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Original STD file showing P 68 and 


TB03970S 


Figure 6.28 Portion of STD Files 
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“ 8 Bit Shift Register Simulation Input 
LLLHHHHHHHHHHHHHHHHHHHHH 
LHLHHHHHHHHHHHHHHHHHHHHH 
LLHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH BE 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 0 
HLHHHHHHHHHHHHHHHHHHHHHH OF FIRST SEQ” 
HHHHHHHHHHHHHHHHHHHHHHHH 7 H 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 
HLHHHHHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 1 
HLLHHHHHHHHHHHHHHHHHHHHH 
HHLHHHHHHHHHHHHHHHHHHHHH 0 
HLLHHHHHHHHHHHHHHHHHHHHH OF SECOND SEQ” 
HHLHHHHHHHHHHHHHHHHHHHHH 
LHHHHHHHHHHHHHHHHHHHHHHH “RESET” 

QUIT 

TBO3980S 


Figure 6.29 8-Bit Shifter Simulation Input File 
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8BTSHFT 


2222011 
321098765432109876543210 


000111111111111111111111 
010111111111111111111111 
001111111111111111111111 
VOOLIEIIIIT LILIA 
110111111111111111111111 
LOLILIT AIDA Id 
111111111111111111111111 
100111111111111111111111 
12.01123.211211112111122111 
101111111111111111111111 
LUIRVIVIA ALA 
100111111111111111111111 
110111111111111111111111 
LOLILIP IATA TAL 
111111111111111111111111 
100111121111111111111111 
LLOMALIIUILI LITA 
101111111111111111111111 
111111111111111111111111 
LOLITA aad 
111111111111111111111111 
POOLIIIIVI IITA 
110111111111111111111111 
101111111111111111111111 
PPRERS sepa seb Peseaweseye 
100111111111111111111111 
LLOLIVIAI ALI. 
101111111111111111111111 
UES RREREREEEESSE EERE SED: 
LOOLLIAUUL LEELA 
110111121211111111111111 
POVILLA aaa) 
PIMA IAL EAA 
LOOLLTIVALE LVI 
SU PRERSRER TEESE SESS SEE SE 
LOOTLILITLIIVIAYA 11111 
LLOTLILIALIDALI iad 
OLIITIIILIII Ai 


PINLIST... 


14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 


Time = 16:34:21 Date = 9/14/1987 


< B,/B > 
76543210 


HLHLLLLL 
HLHLLLLL 
HLHLLLLL 
HLHLLLLL 
HLHLLLLH 
HLHLLLLH 
HLHLLLHL 
HLHLLLHL 
HLHLLLHH 
HLHLLLHH 
HLHLLHLL 
HLHLLHLL 
HLHLLHLH 
HLHLLHLH 
HLHLLHHL 
HLHLLHHL 
HLHLLHHH 
HLHLLHHH 
HLLHLLLL 
HLLHLLLL 
HLLHLLLH 
HLLHLLLH 
HLLHLLHL 
HLLHLLHL 
HLLHLLHH 
HLLHLLHH 
HLLHLHLL 
HLLHLHLL 
HLLHLHLH 
HLLHLHLH 
HLLHLHHL 
HLLHLHHL 
HLLHLHHH 
HLLHLHHH 
LHHLLLLL 
LHHLLLLL 
LHHLLLLH 


< XOR > 


76543210 


LLLLLHLH 
LLLLLHLH 
LLLLHLHL 
LLLLHLHL 
LLLHLHLH 
LLLHLHLH 
LLHLHLHL 
LLHLHLHL 
LHLHLHLH 
LHLHLHLH 
HLHLHLHH 
HLHLHLHH 
LHLHLHHL 
LHLHLHHL 
HLHLHHLH 
HLHLHHLH 
LHLHHLHL 
LHLHHLHL 
HLHHLHLH 
HLHHLHLH 
LHHLHLHL 
LHHLHLHL 
HHLHLHLH 
HHLHLHLH 
HLHLHLHL 
HLHLHLHL 
LHLHLHLL 
LULLLLLL 


< /0,0 > 
76543210 


LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLULLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLULLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 
LLLLHHHH 


TRACE TERMS 


TBO3990S 


I/O CONTROL LINES 
DESIGNATED I/O USAGE 


ACTUAL I/O USAGE 


18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 26 25 24 23 22 21.19 ; 


Figure 6.30 8-Bit Shifter Simulation Log File 
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4-BIT SYNCHRONOUS 


COUNTER File Name : 4BTCOUNT 
This counter produces a binary count on Date : 9/15/1987 
outputs Count3 - Count0. Note the required Time +: 9:57:5 


reset (RST) input to initialize all of the flip- 


SHEHHHHHHHRRERHHHEHEHE P IN LIS T tthe eeeee eee ee ee ee 
flops. The inputs for each flip-flop were first 


TC x* 
GND ** 


xx ** x*N/C 
**GND 


determined by drawing the desired output Left Right 
waveforms. Next, Karnaugh maps were used LABEL = ** FNC **PIN socnhth hE cece 
to reduce the number of terms and determine bike _ aid i loge 7 as 
the logic equations for the input to each flip- RST ee J 8% |-44 x «xN/C 
flop. This technique could be used to con- N/C “FL ns *«N/C 
struct a counter whose outputs produce some os : eee - ss 
count other than binary. N/C ek [ #t an *EN/C 
The simulation only consists of a reset, fol- ene ss 7 Hp 
lowed by a number of clocks to count from 0 COUNT2 “x QO ** xe xxN/C 
through 15 and back to 0. COUNT3 xx QO ** ¥% **N/C 
5 


Bottom Top 
LABEL xe 


*x* 


x* 

**N/C 
**N/C 
« *¥N/C 
**N/C 
**N/C 
x*N/C 
**N/C 
**N/C 
**N/C 
**N/C 
**N/C 
**N/C 
**N/C 


"j 
Z 


xx 
x* 
xx 
xe 
xx 
x* 
xx 
xx 
x* 
xx 


xx 


xk 33-| 


Loe A oe Ol eB oe BO oe oe oe ee ee 


TB04010S 


Figure 6.31 4-Bit Counter Pin List 
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File Name : 4BTCOUNT 
Date : 9/15/1987 
Time : 9:57:28 


@DEVICE TYPE 
PLHS501 
@QDRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@QNAME 
(DESCRIPTION 


4 bit synchronous counter 


@INTERNAL NODE 
datal,data2,data3; 
csn0,crn0,cq0,cqn0; 
esnl,crnl,cql,cqnl; 
csn2,crn2,cq2,cqn2; 
csn3,Crn3.,cq3 ,cqn3'; 
@COMMON PRODUCT TERM 
@I/O DIRECTION 

@I/O STEERING 
(QLOGIC EQUATION 


“INPUTS FOR EACH FLIP-FLOP” 


DATAl = [(CQ1*CQNO)+(COQN1*CQO)] ; 
DATA2 = [(CQ0*CQ1*CQN2)+(CQNO*CQ2)+(COQN1*CQ2)]; 
DATA3 = [(CQN2*CQ3)+(CON0*CQ3)+(CQ0*CQ1*CQ2*CON3 )+(CQN1*CQ3)); 


“4 D-TYPE FLIP FLOPS CONNECTED AS A SYNCHRONOUS COUNTER” 


CSNO = /(CLK*RST*(/(CSNO*(/[CQNO*RST*CRNO])))); 
CRNO = /(CSNO*CLK*(/[CQNO*RST*CRNO] )); 

CQO = /(CSNO*CQNO) ; 

CQNO = /(CRNO*CQO*RST) ; 


CSN1 = /(CLK*RST*(/(CSN1*(/[DATA1*RST*CRN1])))); 
CRN1 = /(CSN1*CLK*(/[DATA]*RST*CRN1] )); 

CQl = /(CSN1*CQN1); 

CQN1] = /(CRN1*CQ1*RST) ; 


CSN2 = /(CLK*RST*(/(CSN2* (/[DATA2*RST*CRN2] ))))ji 
CRN2 = /(CSN2*CLK*(/[DATA2*RST*CRN2] ) ) ; 

CQ2 = /(CSN2*CQN2); 

CQN2 = /(CRN2*CQ2*RST) ; 


CSN3= /(CLK*RST*(/(CSN3*(/[DATA3*RST*CRN3])))); 
CRN3 = /(CSN3*CLK*(/[DATA3*RST*CRN3] )); 

CQ3) = /(CSN3*CQN3) ; 

COQN3 = /(CRN3*CQ3*RST) ; 

“Connection to output pins” 

count0=cq0 ; 

countl=cql ; 

count2=cq2; 

count3=cq3; 


“TERMINAL COUNT PIN” 


TC= (CQO*CQ1*CQ2*CQ3) ; 


Figure 6.32 4-Bit Counter Boolean Equations 
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“ 4 Bit Synchronous Counter Simulation Input 


HHHHLLHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHEHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHHHHHHHHHHH 
QUIT 


Figure 6.33 4-Bit Counter Simulation 
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“RESET™ 
“COUNT1” 
“COUNT 2° 
“COUNT3~ 
“COUNT4 ~ 
“COUNTS ~ 
“ COUNT6 ~ 
“COUNT7~ 
“COUNT8~ 
“COUNT9” 
“COUNT10” 
“COUNT11” 
“COUNT12” 
“COUNT13~ 
“COUNT14” 
“COUNT15” 
“COUNTO” 


TB04040S 
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PLHS50O1 4BTCOUNT 

an < 

* @2222013123117111 

* 321098765432109876543210 
VIDDVOOIIVILVIRTILVI AAA 
111110111111111111111111 
111111111111111111111111 
RIDALOLIAIAL LIDIA 
LLITIULIUUIIIAI TAL 
111110111111111111111111 
LILIDITIIALIII IIIA 
111110111111111111111111 
Pessoa soe sa bassesaeeml 
APLILOLITIII IATA 
121111111111111111111111 
PUALLOLLILIV EVEL AL 
Soe Hskesweshshabsoawakel 
111110111211111111111111 
PILLAI L LEELA aa 
111110111111111111111111 
1121111111111111111111111 
PULULOILIU ATI TID 
111111111111111111111111 
1111101121111111111111111 
PIU) 
111110111111111111111111 
LILTIITTITLIAII11 1111242 
PULVELVOLIIIT AILEY 
LTV1I121242121114111111111 
LLITLOLIIALIALI Aad) 
111111111111111111111111 
LAIILOLIVIIII Aaa add 
111111111111111111111111 
111110111111111111111111 
Lobos see Se Pak esOase hat 
VTLTILOLIIIII YA 
211111111111111111111111 


“ PINLIST... 


” 


Time = 16:57:51 Date = 9/14/1987 


< B,/B > 


76543210 


HLLHLLLL 
HLLHLLLL 
HLHLLLLL 
HLHLLLLL 
HLHHLLLL 
HLHHLLLL 
HHLLLLLL 


< XOR > 


76543210 


HHLLLLLL | 


HHLHLLLL 
HHLHLLLL 
HHHLLLLL 
HHHLLLLL 
HHHHLLLL 
HHHHLLLL 


I/O CONTROL LINES 


< /0,0 > 
76543210 


LLLLHHHL 


LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLULHHHL ; 


LLLLHHHL 


LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LULLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LULLHHHL ; 
LLULLHHHL ; 
LLLLHHHL ; 


LLLLHHHL 


LLULLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 


LLLLHHHL 


LLLLHHHL ; 
LLLLHHHL ; 
LLLLHHHL ; 


LLLLHHHH 
LLLLHHHH 


LLLLHHHL ; 


TRACE TERMS 


DESIGNATED I/O USAGE 


ACTUAL I/0 USAGE 


18 17 16 15 40 39 38 37 36 35 33 32 31 30 29 28 


27 26 25 24 23 22 21 19 ; 


TB04050S 


14 13 12 11 10 09 07 06 05 04 03 02 01 52 51 50 49 48 47 45 44 43 42 41 


Figure 6.34 4-Bit Counter Simulation Log File 
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INTRODUCTION 

This document is written assuming the 
reader is familiar with Signetics PLHS501. 
As well, we shall assume familiarity with 
the predecessor document “Designing 
with PML” and some exposure to 
Signetics AMAZE software. The goal of 
this document (i.e., Vol. 2) is to expand on 
the original ideas and present some cook- 
book solutions to some useful design 
problems. Vol. 2 also reflects nearly ayear 
of experience through the multitude of 
design-ins achieved with the PLHS501. 
In fact, several of the design solutions 
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presented here were contributions from 
our customers through our field applica- 
tions organization. Designs we have en- 
countered fell into a couple of interesting 
categories. First, many users view the part 
as anatural step in eliminating extraneous 
board “glue” (10 or more chips) or elim- 
inating multiple programmable array logic 
devices (usually 3 to 5 units). Others 
recognized the PLHS501 capabilities of 
extremely wide logic functions and still 
others chose to invent their own solutions 
to standard bus interfaces. Commercially 
available bus interfaces often “miss the 
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mark” and creative designers wish to im- 
plement exactly the functions they need in 
a concise, effective manner. To date, we 
have seen PLHS501 interfaces to the 
VME Bus II, FAST Bus, NuBus, GPIB and 
the IBM Micro Channel for the PS/2 
system. 


Before presenting these solutions how- 
ever, it is appropriate to review the PML 
basics and expand on a number of issues 
which have been found to be important but 
which were previously treated lightly. 
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PLHS501 REVIEW 

The PLHS501 is a 52-Pin, bipolar pro- 
grammable logic device with a very pow- 
erful architecture. Unlike classic AND/OR 
based architectures, its basic building 
block is the NAND function which is confi- 
gured in a foldback programming array. 
By cascading successive NAND functions 
through the array, both combinational and 
sequential structures may be obtained. 
The PLHS501 has 24 dedicated inputs, 16 
outputs (with several varieties) and eight 
bidirectional pins. The internal NANDs 
may be cascaded to any depth needed, to 
achieve effective solutions using logic 
structures such as muxes, decoders and 
flip-flops without going off chip and wast- 
ing I/O pins to achieve cascading. To use 
the PLHS501 effectively, the designer 
should attempt to fold in function and 


28ns (MAX) 
22ns (MAX) 


pA— 
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remain within the chip as much as possi- 
ble before exiting. 


Figure 2-1 shows the PLHS501 architec- 
ture and illustrates several of the timing 
paths for internal signals to give the de- 
signer a feeling for maximum time delay 
within the part. These numbers are worst 
case maximums, regardless of switching 
directions, so the user may be assured 
that in general, the PLHS501 will be faster 
than these numbers. 


The shorthand notation of Figure 2-1 
hides something with which many design- 
ers have been impressed inthe PLHS501, 
the wide input NAND gates. Figure 2-2 
shows just how wide the internal NANDs 
are, from a logical viewpoint. Each NAND 
can accommodate upto 32 external inputs 


Figure 2-1. PLHS501 Logic Diagram 


PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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and 72 internal inputs. Hence the part is 
ideal for wide decoding of 32-bit address 
and data busses. With 72 copies of the 
wide NAND, the PLHS501 is often com- 
pared against low—end gate arrays. While 
flatter4ing, this gives no usable method to 
determine the degree to which functions 
can be fit into the device. As a rule of 
thumb, the PLHS501 can accommodate 
three or more PLA devices and usually 


four to five PAL® devices. 


For any particular design, the user should 
refer to Table 2—1 and evaluate his/her de- 
sign incrementally, tallying against a 72 
gate budget. This is a ballpark estimation 
against the NAND capacity of the core of 
the part. The clever designer will find addi- 
tional function by correctly exploiting the 
output logic. 
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Table 2-1. PLHS501 Gate Count Equivalents 


INTERNAL 
NAND 
EQUIVALENT 


FUNCTION 


COMMENTS 


For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 


Inverted inputs available 
Inverted inputs available 


Inverted inputs available (24 chip outputs 
only) 


Encoders 


8-to-3 Inverted inputs, 2 logic levels 
16-to—4 Inverted inputs, 2 logic levels 
32-to—5 Inverted inputs, 2 logic levels, factored 


solution. 


Multiplexers 


4-to-1 Inverted inputs available 
8-to-1 Inverted inputs available 
16-+to—1 Inverted inputs available 


27-to—1 Can address only 27 external inputs — more if 


internal 


Flip-Flops 


D-type Flip—Flop With asynchronous S-R 
T-type Flip—Flop With asynchronous S-R 
J—K-type Flip-Flop With asynchronous S-R 
Transparent-D Latch With asynchronous S-R 
S-R Latch With asynchronous S—-R 


Adders 
8—bit 


Barrel Shifters 
8—bit 


Full carry-lookahead (four levels of logic) 
2 levels of logic 


8 
16 
32 
15 
32 
41 

5 

9 
1 
28 

6 

6 
10 

4 

2 
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Figure 2-2. An Internal NAND 
Logic Equivalent 
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FLIP-FLOP BASICS 

Most designers view flip-flops as black 
boxes with data inputs and outputs as well 
as additional control inputs. Some flip— 
flops are designed as primitive transistor 
structures, but in the past, gate array de- 
signers used their elementary building 
block, the NAND gate, to make flip—flops. 
Because the PLHS501 is also largely 
structured from NANDs, we can draw 
upon years of well known NAND-based 
flip—flop designs to readily implement flip— 
flops within the PLHS501. 


Figures 3-1, 3-2, 3-3 and 3-4 give single 
sheet summaries of several flip—flop con- 
figurations. It should be noted that the 
transparent latch is recommended for 
data capturing, but not for state machines 
due to potential glitching. The edge trig- 
gered D-type is a convenient building 
block. Although external gates are saved 
with the J-K structure, it is at the expense 
of additional NANDs within the J—K flip— 
flop itself. 


Notation 

The delay of a NAND gate is most often 
designated as tp_y OF tpy., indicating that 
the gate output makes a High-to—Low 
(tpy_) or Low—to—High (tp,y) transition. For 
the flip—flops’ transition, the High—to—Low 
ID is DO and the Low-to—High ID is D1. 
This also holds true for structures fully 
contained within the foldback core, be- 
Cause input and output time delays will 


Table 3-1. 


tPHL 
tPLH 
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differ and change the performance. Know- 
ing the basic concepts, the designer can 
expand these structures to include I/O 
pins and generate flip-flops wrapped 
around the part — but, he must derate his 
parameters accordingly to reflect the 
slower paths. 


Because it will be lengthy to explain all of 
the flip-flop configurations given, we will 
show only one in some detail. The inter- 
ested reader can verify the rest by manual 
analysis or by digital simulation. The Table 
3-1 gives the typical and worst case val- 
ues for an internal foldback NAND gate. 


The single D-latch with enable Active— 
HIGH can be described in terms of the 
propagation delay formula given in Figure 
3-1. For instance, the first propagation is 
for D to Q, where the Q output transitions 
from High-to—Low (i.e., tppo). To do this, 
assume Q is high so the /Q term is Low. To 
switch the state, /Q must be flipped first. 
Hence, the logic variable enters G2, then 
passes through G7, G4 and finally G3. 
This presents four transitions, two from 
Low-to—High (G2 and G4 outputs) and 
two from High-to—Low (G1 and G3 out- 
puts). Hence, the formula reflects 
2(d1&d0) which, using Table 3-1, gives 
2(8+6.5)=29ns. 


This is the worst case value, using typicals 
will give a value of 2(5.5+6.5)=24ns. 


Switching in the other direction is a little 
different. Assuming tpp; goes from Q=0 to 


Internal Fold Back NAND Gate 


INPUT | ys OUTPUT 


PARAMETER 
SYMBOL TO FROM 
a (INPUT) 


sae 


UNIT 
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Q=1, the /Q signal must be initially 1. 
Hence, G3 is armed for immediate transi- 
tion. Hence, the time delay is simply tra- 
versing G2 and G3. One of them will go 
High—to—Low (G2) and the other Low-to-— 
High (G3). The formula reflects the sum of 
the two transitions: tpp; = d1+d0. From the 
table, this is 14.5ns (worst case) or 12ns 
(typical). The rest of the formula must be 
similarly analyzed, but the method is 
straightforward. 


Flip-Flop Merging 

Figure 3-5(A) shows the positive edge 
triggered D flip-flop structure. By putting 
a two-level AND/OR structure in front of 
the data input, the D flip-flop can be 
steered from state to state. 


Figure 3-5(B) shows such an input struc- 
ture realized from a two—level NAND gate 
section. 


Figure 3-5(C) shows this “AND-—OR” 
structure rolled inside of the flip—flop. The 
gating was merged with the flip—flop in- 
wards to make a faster, composite func- 
tion. Whereas this may appear as a trick 
to the uninitiated, this degree of flexibility 
allowed gate array designers to merge a 
multitude of logic into a fixed foundation. 
For highest efficiency, similar thinking al- 
lows the designer to break up decoders 
and multiplexers into their building blocks 
and generate only the pieces needed. 


Signetics Programmable Logic Devices 


Logic Symbol 


2(D) 


1 (E) 


NOTE: 
This part is functionally similar to the 7475. 


NAND Gate Diagram 


meer ble! 
mauve [e| x [218 


NOTES: 

5. When input Enable (E) is High, data enters 
the latch at "D" and appears at outputs "Q” 
and “C"; the “Q”" output follows the data as 
long as E is High. One setup time before the 
High-to—Low transition of E, D is stored in 
the latch; the latched outputs remain stable 
as long as E is Low. 

On-1 = State before High—-to—Low transition 
of E. 
X = don't care. 
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Propagation Delay Formulas: Propagation Delays: 


FORMULAS PARAMETER 
tppo = d1+d0 x 2 tppo 
tpp1 = d1+d0 ‘NG 


| From | To | 
tppo = d1 + 2Xd0 
tppi = 2xd1 + dO 


— 
SETUP TIME D (SETUP TIME) 


HOLD TIME D (HOLD TIME) 


ENABLE PULSE =E TO Qtppo ENABLE PULSE WIDTH 


Waveforms: 


NOTE: 
1. Spikes can occur on 0 during the propagation delay of E to 0. 


Figure 3-1. Single D-Latch (Enable Active—HIGH) 
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Propagation Delay Formulas: Propagation Delays: 


FORMULAS 


LIES 
tpp = 2xd1+d0 
: [onze 
tppo = 2xd1+2xd0 
pele. 


3(C) D (SETUP TIME) 
) D (HOLD TIME) D (SETUP TIME) 


NOTE: D (HOLD TIME) 
This part is functionally similar to the 74LS74. CLOCK PULSE WIDTH = 2xd0+d1 ENABLE PULSE WIDTH 


Timing Waveforms: 


SETUP} HOLD 


NOTE: 
1. Spikes can occur on O during the propagation delay of C to 7. 


TES: 
. Data is transferred to the outputs on the 
negative-going edge of the clock. 
Qny41 = State after High-to—Low transition 
of C. 


Figure 3-2. D Flip-Flop (Negative Edge—Triggered) 
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2(D) D 
1(C) > CP 


NOTE: 
This part is functionally similar to the 74LS74. 


Data is transferred to the outputs on the 
negative—-going edge of the clock; reset 
“R" (Active-LOW) is asynchronous and 
independent of 

Qn+1 = State after High-to—Low transition 
of C. 

X = don't care. 
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Propagation Delay Formulas: Propagation Delays: 


FROM 


Cc 


ES i] 
py [encase — 

Ce Hi 
| Gf emesis 


| nsMin 
D (HOLD TIME) estore | 
erp 
a WiOTs 


Timing Waveforms: 


SETUP| HOLD R WIDTH 


Figure 3-3. D Flip-Flop with Reset 
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Logic Symbol Propagation Delay Formulas: Propagation Delays: 


PARAMETER 


°o 


DELAY in ns 


tpDo \ 


[?) 
Aovodeld 
i‘? | 


t 
tppo = d1+d0 ad ff 
fC =1 


a) tPDo = 2(d1+d0) J-+K SETUP TIME 
Foc Hot Time 


PULSE WIDTH 
NOTE: MINIMUM PULSE 
This part is functionally similar to the 74LS109. S.R (MIN) WIDTH S&R (LOW) 


Oo 
1 O 
a 


Owe D & 


Gp— 7 (Q) 


Timing Waveforms: 


NOTES: 
1. Master/slave data is pulse—triggered and 
enters the J-K flip-flop when the clock (C) 
goes Low; the entered data is transferred 
to the outputs on the positive going edge 
of "C". Set (S) and Reset (R) inputs are 
asynchronous, independent signals and, 
when either is Active-LOW, the J-K and C 
inputs are overridden. 
Qn41 = Next state of Q. 
X = don't care. 


Figure 3-4. J-K Flip-Flop with Set and Reset 
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Figure 3-5(A). Positive Edge Triggered 
D-Flip—Flop with Reset and Set Figure 3-5(B). As in (A), with Input AND-OR Function 


Figure 3-5(C). As Above, with Integral AND—OR Input Function 


Figure 3-5. Flip-Flop Merging 
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VME Bus EXAMPLES 


Omnibyte VSBC20 Mailbox 
Interrupt Structure 

One of the more popular uses for the 
PLHS501 is interfacing with 32-bit micro- 
processors. This section illustrates some 
of the ways the part has been used with 
the popular VME Bus. The Omnibyte 
Corporation manufactures many VME 
Bus products (as well as others) and was 
kind enough to release a portion of their 
VSBC20 board design as an example of 
using the PLHS501 in avery flexible, user 
configurable interrupt generation device. 
The VSBC20 employs two PLHS501 
parts, as shown in Figure 4—1. One device 
is used largely as an address decoder, the 
other, which is the object of this Section, is 
the configurable interrupt generator. The 
target microprocessor here is a 25MHz 
68020 and the application is interrupt gen- 
eration. The explanation is in the words of 
Glenn Case, the designer: 


“Following the design philosophy of giving 
the user as much flexibility as possible, the 
local interrupt structure of the VSBC20 is 
implemented in a PLD. It is impossible to 
“optimize” the assignment of the local 
interrupts to the interrupt levels of the pro- 
cessor since they are application specific. 
One system may want the Serial I/O and 
Parallel I/O to have higher levels than the 
Omnimodule Interrupts while yet another, 


EXAMPLE 1: 


PLHS501 
Application Notes 


Vol. 2 


using aSCSI Omnimodule, may want it to 
have higher level interrupts. Arbitrarily 
assigning and hard wiring these levels 
would unnecessarily constrain the use of 
the VSBC20 for any given application. By 
using the Signetics PLHS501, the entire 
logic to implement the interrupt structure 
fits into one PLD. Furthermore, the 
AMAZE software to program the part is 
available free from Signetics. The 
PLHS501 can be reprogrammed until the 
unused feedback gates are all used. So, 
the user can get the software free and 
change the interrupt levels a couple of 
times before having to replace the 
PLHS501 with a new part. This appendix 
describes how the PLHS501 is used and 
how to change the interrupt levels. 


There are a total of 17 possible interrupt 
sources to the processor on the VSBC20. 
There are up to seven possible VMEbus 
interrupts, nine possible local interrupts, 
and a Front Panel Non—Maskable 
interrupt. The local interrupts include: 
ACFAIL", SYSFAIL’, parity error, mailbox 
interrupt, two Omnimodule interrupts, 24 
bit timer interrupt, Parallel I/O, and Serial 
/O interrupts. Although ACFAIL", 
SYSFAIL" and mailbox interrupts are 
generated by VMEbus, they are referred 
to as local interrupts because they are ac- 
knowledged locally. That is, no VMEbus 
IACK cycle takes place. The _ local 
interrupts are latched during an IACK 


Put the P10 interrupt in level 4 and the Omnimodule 0 interring on level 2. 


LIRQ4 = /LIRQPIO; 
LIRQ2 = /LIRQOOM; 
ITACKOOM = 
IACKPIIO = 


EXAMPLE 2: 


/ (/LIRQOM*/A3*A2*/A1*//IACK*/BAS) ; 
/ (/LIROGPIO*AS* /A2*/A1*/ TACK*/BAS) 5 


> 
> change these 


|- 

| - 
=| equations to 
<=] 


cycle to “freeze” the state of the interrupts. 
This allows the correct acknowledgement 
of the interrupts. The ACFAIL*, SYSFAIL" 
and Front Panel Non—Maskable Interrupt 
are assigned to Level 7. The Front Panel 
NMI has the highest priority followed by 
ACFAIL", parity error, and SYSFAIL*. The 
front Panel interrupt is acknowledged by 
an autovector while the other three gener- 
ate a vector that is encoded as described 
in the Error Interrupt Vector CSR. The 
local interrupts for the mailbox interrupt, 
Omnimodule Interrupt 0, Omnimodule 
Interrupt 1, 24 bit timer interrupt, Parallel 
I/O Interrupt, and Serial I/O Interrupt have 
been assigned by the user to the level best 
suited for the user’s application. The mail- 
box interrupt uses the auto vector while 
the others provide interrupt acknowledge 
vectors. However, these may also be 
changed to generate autovectors. For ex- 
ample, if a unique Omnimodule is de- 
signed by the user and there is not enough 
room to provide an interrupt vector on the 
module, the PLD can be changed to issue 
an autovector instead of generating an 
IACK cycle to the Omnimodule. It is also 
possible to have two interrupts share the 
same level, although this seems unneces- 
sary, since there are enough available 
interrupt levels. 


The following examples illustrate how 
easy it is to change the local interrupt 
levels.” 


Make both the Omnimodule Interrupt Autovectored instead of bus—vectored. (LITRQOOM uses level 4 and LIRQIOM uses level 5.) 


AUTOVECTOR 


[/FPNMIRQ*A3 *A2*A1*/IACK*/BAS*RESET ] 


[/ LIROMBOX*A2 *A2*/A1*/ITACK*/BAS*RESET ] 


[/LIRQIOM*A3*/A2*A1*/IACK*/BAS*RESET ] 


{autovector* 


IACKIOM = 
TACKOOM = 


<-- 
<-- 


change 
equation 
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+ 
+ [/LIRQOOM*A3*/A2*/A1*/IACK*/BAS*RESET] 
+ 
+ 


<-- ADD 
<-- ADD 
/BAS*RESET] ; 
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> 
© 
= 


ROMSZO 
ROMSZ1 
CPUSPACE* 
EAG* 


> 
2 
~ 


g 


CS68XXX 
IACK 

IOSPACE 
CSFPC* 
CSCSR* 
CS68230* 
CS6888 1* 
CSROM* 
CSIOMODULE* 
IOSPACE* 
OFFBRD* 
CSMBX* 
CSBBITTO 
CSCSROAMBX* 


QRESLSSRRLAAAg 


eiriz 
8 |S |s 
o|N 
SARE SESSIAA 
on © mm Oe © a © en Om 6 ma © jae © ae O a © ae © om © mz © a Oa 


STROBE* 
ADDRESS DECODER 


25MHz CLOCK 


ADDRESS 


FPNMIRQ* 


|ACKF* 
BRDFAIL* 


MASK BITS SYSFW FPNMIIN* 
ACFM 
N/C 50 
LSYSFAIL* 51 
LACFAIL* 52 DSACKO* 
LIRQPE* |ACKMBX* 


LIRQMBX* |ACKOOM* 
FROMON-BOARD 2 LIRQIOM" |ACK10M" 
LATCHED INTERRUPTS ) io ooous IACKTMA® 


LIRQTMR* |ACKPIO* 
LIRQPIO* 

LIRQSIO* 

VIRQ1* 

VIRQ2* 

VIRQ3* 


MASKABLE VME Bus = VRQ" 
INTERRUPTS VIRQS5* 


VIRQ6* 


VIRQ7* 
INTERRUPT CONTROLLER 


Figure 4-1. Portion of Omnibyte VSBC20 Highlighting PLHS501 Usage 
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File Name : vsbc20is 
Date : 9/13/1988 
Time : 9:4:2 


FHHHHHHHHRRHRH FEHR HHH P ION L I S T ##ttee at tt Ht tt FF FEE HH 


Left Right 
LABEL x% LABEL 

VEC **EVCC 
VIRQ1 **AL 
VIRQ2 **AD 
VIRQ3 ** AS 
VIRQ4 **BAS 
VIRQ5 ** TACK 
VIRQ6 ** TACKF 
BRDFAIL £*N7/C 
RESET me LC 
FPNMIIN salad Fa 
VIRQ?7 **TPL2 
N/C ** TPL 
GND * *GND 


Bottom Top 

LABEL alls mm LABEL 
N/C ae **LIRQOSIO 
DSACKO ee ee TL TROP LO 
N/C mor **LTROTMR 
IACKOOM wee **LTRQOOM 
IACK10OM ne **LIRQ1IOM 
IACKTMR ial **LTIROMBX 
IACKPIO bial **LIROPE 
D24 ee 2e8= **LACFAIL 
D25 ee Z23- **LSYSFAIL 
IACKSIO we 20- een PC 
OFF BRDIACK i **ACEM 
AUTOVEC 32- -48 we SYSEM 
IPLO Ja [=47 **PRRM 


MMW Se On AH 


on 
NO ke 


rFPomMN met 


| | | 
> OM 
wow Or 


AAR eS He eS ee A Oe Ae oR oR 


Figure 4-2. PLHS501 Pinlist for VSBC20 Interrupt Structure 


@DEVICE TYPE 

PLHS501 

@DRAWING 1155 

@REVISION A 

@DATE 9-9-8 

@SYMBOL 

@COMPANY OMNIBYTE CORP. 

@NAME GLENN CASE 

@DESCRIPTION VSBC20 INTERRUPT STRUCTURE PLD 
@INTERNAL NODE 

LIRQ? ALLIRQ?7 AHIACKF AHFPNMIRQ AUTOVECTOR FPNMIRQ 


@COMMON PRODUCT TERM 

LIRQ6 /LIRQMBX; “LIRQ6 goes high when LIRQMBX goes low” 
LIRQ5 /LIRQ10M; 

LIRQ4 /LIRQOOM; 

LIRQ3 /LIRQTMR; 

LIRQ2 /LIRQPIO; 

LIRQ1 /LIRQSIO; 


Figure 4-3. VSCB20IS .BEE File (begins) 
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@I/O DIRECTION 
DB4 
DB5 
DB6 
DB? 
XEO 
XE1 
XE2 
XE3 
OE 1 
OE2 
OES 


oO 
Ne ON 


‘Ne HY Ne Ne 


Hi Me 


=e 


PrRNrPrFrPN OC O 
“es 


Ne 


@I/O STEERING 
@LOGIC EQUATION 


LIRQ? [/LACFAIL * ACFM] “LIRQ? goes high when” 
([/LYSFAIL * SYSFPM * BRDFAIL) 
[/LIRQPE * PERRM]; 


ALLIRQ7 /{/[/LACFAIL * ACFM] 
/{/LSYSFAIL * SYSFM * BRDFAIL] 
/{/LIRQPE * PERRM]]; 


AHFPNMIRO [/FPNMIIN */IACK * RESET] 

[AHFPNMIRQ */IACK * RESET] 

[AHFPNMIRQ *IACK * BAS RESET J 
AHFPNMIRQ *IACK * /BAS /Al * RESET] 
AHFPNMIRQ *IACK * /BAS {A2 * RESET] 
AHFPNMIRQ *IACK * /BAS /A3 * RESET] 
AHFPNMIRQ *IACK * /BAS AS * AZ * Al 


[ 
[ 
[ 
[ 


* /AUTOVECTOR * RESET]; 
FPNMIRQ = / (AHFPNMIRQ) ; 


IPLO: XR1= /VIRQ7 
LIRQ7 
/FPNMIRQ 
/LIRQ7 /LIRQ6 VIRQ7 * VIRQ6 * LIRQS 
/LIRQ7 /LIRQ6 VIRQ7 * VIRQ6 * /VIRQS5 
/LIRQ7 /LIRQ6 /LIRQS * /LIRQ4 * VIRQ7 * VIRQ6 * VIRQS * VIRQ4 * LIRQ3 
/LIRQ7 /LIRQ6 /LIRQS5 * /LIRQ4 * VIRQ7 * VIRQ6 * VIRQ5 * VIROQ4 * /VIRQ3 
/LIRQ7 /LIRQ6 /LIRQ5 * /LIRQ4 * /LIRQ3 * /LIRQ2 * VIRQ7 * VIRQ6 * VIRQ5 * VIRQ4 * 


* VIRQ2 * LIRQ1 
/LIRQ7 /LIRQ6 * /LIRQS * /LIROQ4 /LIRQO3 * /LIRQZ * VIRQ/ * VIRQOG * VIROS * VIRO4 * 


* VIRQ2 * /IRQI1; 


XR1 /VIRQ7 

LIRQ?7 

/FPNMIRQ 

/LIRQ7 VIRQ?7 * LIRQ6 

/LIRQ7 VIRQ? * /VIRQ6 

/LIRQ7 /LIRQ6 /LIRQ5 /LIRQ4 * VIRQ7 * VIRQ6 * VIROQS * VIROQ4 * LIRQ3 

/LIRQ7T /LIRQ6 /LIRQ5 /LIRQ4 * VIRQ7 * VIRQ6 * VIRQS * VIROQ4 * /VIRQ3 

/LIRQ7 /LIRQ6 /LIRQS /LIRQ4 * /LIRQ3 * VIRQ7 * VIRQ6 * VIRQS * VIRQ4 * /VIRQ3 
* LIRQ2 

/LIRQ7 /LIRQ6 /LIRQS /LIRQ4 * /LIRQ3 * VIRQ7 * VIRQ6 * VIROS * VIRO4 * /VIRQ3 
* FVIRO2 


Figure 4-3. VSCB20IS .BEE File (continued) 
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XR1 /VIRQ7 

LIRQ?7 

/FPNMIRQ 

/LIRQ7 VIRQ? LIRQ6 

/LIRQ7 VIRQ? /VIRQ6 

/LIRQ7 /LIRQ6 VIRQ7 LIRQS 

/LIRQ7 /LIRQ6 VIRQ7 /VIRQS5S 

/LIRQ7 /LIRQ6 /LIRQS VIRQ6 * VIRQS * LIRO4 
/LIRQ7 /LIRQ6 /LIRQS VIRQ6 * VIROQS * /VIRQ4; 


+++ 4+ 4+ 4+ + + 


L; 


f{ [AS * Al * FPNMIRQ * /LACFAIL * IACK * /BAS] 
[AS * Al * FPNMIRQ * /LSYSFAIL * IACK * /BAS] 
[AS * Al * FPNMIRO * /LIROPE ® TACK * /BAS]); 


OFFBRDIACK: XR1 /LIRQ7 A3 Al IACK /BAS * FPNMIRQ * /AUTOVECTOR 
/LIRQ6 A3 /Al IACK /BAS 
/LIRQS A3 Al TACK /BAS 
/LIRQ4 A3 /Al IACK /BAS 
/LIRO3 Al IACK /BAS 
/LIRQ2 /AlL IACK /BAS 
/LIRQ1 Al IACK /BAS; 
XR2 Le 


AUTOVECTOR [/FPNMIRQ * A3 * A2 * TACK * /BAS * RESET] 
[/LIRQMBX * A3 * A2 * TACK * /BAS * RESET] 
{ AUTOVECTOR * /BAS * RESET | ¢ 
= AUTOVECTOR; 


/LACFAIL 
/LIROPE 


/LACFAIL ACEM 
LIROPE PERRM * /LSYSFAIL * SYSFM 
/PERRM * /LSYSFAIL * SYSFM; 

XR2 Ls 
TACK10M / (/LIRQ1OM /BAS) ; 
IACKOOM / (/LIRQOOM /BAS); 
IACKTMR / (/LIRQOTMR /BAS); 
IACKPIO / (/LIRQPIO /BAS); 


IACKSIO /{/LIROSIO * /BAS) ; 


DSACKO = BAS; 


Figure 4-3. VSCB20IS .BEE File (end) 
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VME Bus EPROM Interface 

The idea for this VMEbus EPROM board came 
from WIRELESS WORLD CIRCUIT IDEAS, 
January, 1988. The implementation was done 
by a Philips’ FAE, John McNally. 


The board contains two banks of EPROMs. 
Each bank consists of either two 271 28s or two 
27256s; each of which can be enabled by com- 
paring the address location fo the board. 
Decoding three other address bits selects 
which of the banks is accessed. A 4—bit shift 
register combined with four jumpers provide 
wait states. 


© ON IO [|e [oly |= 

a 
~~ 

.?) 


14 ROM1 
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The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 
package (Figures 4-4, 4-5, and 4-6). It was 
then converted to logic equations using 
AMAZE (Figure 4-9) and then assembled into 
a PLHS501. 


This application, which needs eight ICs, used 
forty-four of the available seventy-two NAND 
Foldback Terms and forth of the available fifty— 
two pins. As the PLHS501 contains no regis- 
ters, an edge-triggered D-type flip-flop was 
designed using NAND gates and this is used as 
a soft macro in order to implement the shift 
register function (Figure 4-6). 


G4 


As suggested in the original article, the circuit 
could be expanded to access up to eight ROM 
banks (Figure 4-8). This was achieved by edit- 
ing the logic equation file and adding extra 
equations (Figure 4—9). Modifying the drawing, 
although fairly easy to do, was not considered 
necessary as the object was to design with 
PML and not TTL. The expanded circuit would 
require another three TTLIC packages, brining 
the total to eleven. The number of foldback 
terms increased to fifty-five, with the number of 
pins rising to fifty. Figure 4-10 shows the pinout 
of both versions. 


1 7432 


) > 3. ENDATLO 


G2 


4 7432 


2 ) > 3 _ ENDATHI 
G5 


G7 


/ROM1HI 


| 1 7432 


/ROM1LO | tl 3  /ROM1LO 


/ROM1HI 


/DTACK 


(SOURCE: WIRELESS WORLD, JAN. 1988, CIRCUIT IDEAS) 


Figure 44. VME — EPROM Interface 
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Figure 4-5. Edge—Triggered D Flip-Flop (DFFS) 


Figure 4-6. 4—Bit Shifter (7495) 
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2 ROM BANKS AS ORIGINAL CIRCUIT. 
REPLACES 8 PACKAGES - USES 46 FOLDBACK TERMS 


7;6)5/4)/3]2)1 {52/51/50 |49 | 48 | 47 


PLHS501 


VMEEXP 
Oommen comme 
21 | 22 | 23 | 24 |25 |26 | 27 | 28 | 29 | 30 [31 | 32) 33 
/ROMOHI 
/ROM1LO 


EXPANDED TO 8 ROM BANKS 
REPLACES 11 PACKAGES - USES 55 FOLDBACK TERMS 


7)}6)5)4)]3)2)1 |52]511|50 |49 | 48 | 47 


PLHS501 


/ROM7LO 
20 | FULLEXP GND 


ommommomme 

/ROMOHI 21 | 22 | 23 |24 |25 |26 | 27 | 28 | 29 | 30 |31 | 32 | 33 /ROMGHI 
/ROM1LO /ROM6LO 
/ROM1HI /ROM5HI 
/ROM2LO /ROMSLO 
/ROM2HI /ROM4Hi 
/ROM3LO /ROM4LO 

/ROM3HI 


Figure 4-7. VMEEXP and FULLEXP 
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File Name : VMEEXP 
Date : 2/13/1988 
Time £ 1022325 


HHH HHH RRR RRR H HERR HR RE P TON L I S T ###t ete eae aes Ft FH tt tH HF 


Left Right 
LABEL ** LABEL 

VCC **VCC 
A21 **WAIT 
A22 **N/C 
A23 **CKBMZ 
/DSO **N/C 
/DS1 **N/C 
R-WN x* /R-W 
Q0 * xD TAK 
Ql * * /DTACK 
Q2 ** /MASEL 
Q3 **N/C 
/ROMOLO **N/C 
GND **GND 


OW WH OW WH WWW a 


Bottom Top 
LABEL ai ae sail) 

/ROMOHI es ne 21=| **A20 
/ROM1LO ee 22— | **A19 
/ROM1HI 2a7'| *FALB 
N/C 24-| *eALT 
N/C 2 3-| **A16 
N/C 26- | **/ BS 
N/C 2t=| eS 17 
ENADD 28- | #2518 
ENDATLO | wESLS 
ENDATHI 30~| eES2U 
N/C a1 | ¥8S2 1 
N/C geo wes 2 
N/C 33-| ¥eS25 


me eH HAH A HA HWA WHA HA WA HA AH 


Figure 4-8. VMEEXP PLHS501 Pinlist 
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File Name: VMEEXP 
Date: 2/13/1988 
Time: 10 s23 241 


@DEVICE TYPE 
PLHS501 
@DRAWING 
VMEEXP . DWG 
@REVISION 
@DATE 
2/12/1988 
@SYMBOL 
@COMP ANY 
@NAME 
VMEE XP 
@DESCRIPTION 
@ INTERNAL NODE 
RO3 SO3 DO3 RO2 S02 
DO2 QO ROl1 SOl1 DOl 
ROO SOO DOO 
DIRECTION 
DEBS = 
DB6 
DB7 
OEO = 
OE1 
@I/O STEERING 
@LOGIC EQUATION 
RO3 = (/((//MASEL) *SO3*CK8MZ*DO3)) ; 
SO3 (/ (CKBMZ* (/ (SO3*DO3* (//MASEL))))) ; 
DO3 (/(Q2*RO3)) ; 
RO2 (/ ((//MASEL) *SO2*CKBMZ*DO2)) ; 
S02 (/ (CKBMZ* (/ (SO2*DO2(//MASEL))))) ; 
DO2 (/(Q1*RO2Z)) ; 
RO1l = (/((//MASEL) *SO1*CKBMZ*DO1)) ; 
SOl (/ (CKBMZ* (/ (SO1*DO1(//MASEL))))) ; 
DOL (/(Q0*RO1)) ; 
ROO (/ ((//MASEL) *SOO*CKBMZ*DOO)) ; 
SOO = (/ (CKBMZ* (/ (SOO*DO0*(//MASEL))))) ; 
DOO (/(Q*ROO)) ; 
/ROMOLO = (/DSO+(/(/A16*/0*1*//MASEL))) ; 
/ROMOHI = (/DS1+(/(/A16*/0*1*//MASEL))) ; 
/ROM1LO = (/DSO+(/ (A16*/0*1*//MASEL))) ; 
/ROMIHI = (/DS1+(/ (A16*/0*1*//MASEL))) ; 
Q0 = (/((/(RO0*Q0) ) *SO0*(//MASEL))) ; 
Q1 = (/((/(RO1*Q1) ) *SO1*(//MASEL))) ; 
Q2 (/ ((/ (RO2*Q2) ) *SO2*(//MASEL))) ; 
Q3 (/ ((/ (RO3*Q3) ) *SO3*(//MASEL))) ; 
/MASEL = /(/(/[(/((A17*S17+/A17*/S17) * (A18*S18+/A18*/S18) * (A19*S19+ 
/A19*/S19) * (A20*S20+/A20*/S20) * (A21*S21+/S21*/S21) * 
(A22*S22+/A22*/S22) * (A23*S23+/A23*/S23)*//A5)])) ; 
/DTACK /((/(/MASEL+WAIT) ) *R-WN) ; 
DTACK / (/DTACK) ; 
/R-W = /(R-WN) ; 
ENADD = (//A5) ; 
ENDATLO = ((/R-W+/MASEL)+/DSO) ; 
ENDATHI = (/DS1+(/R-W+/MASEL)) ; 


Figure 4-9. VMEEXP PLHS501 .BEE File 


April 1989 630 


Signetics Programmable Logic Devices 


File Name : FULLEXP 
Date : 2/13/1988 
Time : 10:11:28 
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HHHHFEH RRR ER RAPP SHH Po TON L I S T ### hee e teat te tH FF HH HF 


Left 

LABEL 
Vcc 
A21 
A22 
A23 
/DSO 
/DS1 
R-WN 
REG 
ENADD 
ENDATLO 
ENDATHI 
/ROMOLO 
GND 


af 
I 
I 
ki 
I 
I 
O 
O 
O 
O 
O 


Bottom 

LABEL * x 

/ROMOHI * x 

/ROM1LO ** 
/ROM1HI 
/ROM1LO 
/ROM1HI 
/ROM3LO 
/ROM3HI 
/ROM4LO 
/ROM4HI 
/ROM5LO 
/ROM5HI 
/ROM6LO 
/ROM6HI 


ee 


| 


Figure 4-10. FULLEXP Pinlist 
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Right 
alka LABEL 
**EVCC 
**kWO 
*xWl 
**CKBMZ 
*EN/C 
*KN/C 

x* /R-W 
**DTAK 
** /DTACK 
** /MASEL 
**ROM7HI 
**ROM7LO 
**GND 


Top 
as LABEL 
**#A20 
** AIO 
**A18 
FEAL 7 
**ALG 
**/ AS 
**S17 
x*S18 
+x519 
*eS 20 
aes 2 1 
whee 
neeL3 
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File Name: FULLEXP 
Date: 2/13/1988 
Time: LOsL11230 


@LOGIC EQUATION 

RO3 = (/((//MASEL) *SO3*CKBMZ2*DO3)) ; 

SO3 = (/ (CKBMZ* (/ (SO3*DO3*(//MASEL))))) ; 

DO3 (/(Q2*RO3)) ; 

RO2 (/ ((//MASEL) *SO2*CKBMZ*DO2)) ; 

SO2 (/ (CKBMX* (/SO2*DO2* (//MASEL))))) ; 

DO2 (/(Q1*RO2)) ; 

RO1 (/ ((//MASEL) *SO1*CKBMZ*DO1)) ; 

Sol (/ (CKBMZ* (/ (SO1*DO1*(//MASEL))))) ; 

DO1 {(/(Q0*RO1)) ¢ 

ROO (/ ((//MASEL) *SOO*CKBMZ*DOO)) ; 

SOO = (/ (CKBMZ* (/SOO0*DOO*(//MASEL))))) ; 

DOO (/(Q*ROO)) ; 

/ROMCLO = (/DSO+/(/A16*/A17*/A18*//MASEL)) ; 

/ROMOHI (/DS1+/ (/A16*/A17*/A18*//MASEL)) ; 

/ROM1LO (/DSO+/ (A16+/A17*/A18*//MASEL)) ; 

/ROM1HI (/DS1+/ (A16*/A17*/A18*//MASEL)) ; 

/ROM2LO = /(/(/DS0+/ (/A16*A17*/A18*//MASEL))) ; 

/ROM2HI /(/(/DS1+/ (/A16*A17*/A18*//MASEL))) ; 

/ROM3LO /(/(/DSO+/ (A16*A17*/A18*//MASEL))) ; 

/ROM3HI /(/(/DS1*/ (A16*A17*/A18*//MASEL))) ; 

/ROM4LO (/DSO+/ (A16*/A17*A18*//MASEL)) ; 

/ROM4HI (/DS1+/ (A16*/A17*/A18*//MASEL)) ; 

/ROMSLO (/SA0+/ (A16*/A17(A18*//MASEL)) ; 

/ROMSHI (/DS1+/ (A16*/A17*A18*//MASEL)) ; 

/ROM6LO (/DSO+/ (A16*A17*A18*//MASEL)) ; 

/ROM6HI = (/DS1+/(A16*A17*A18*//MASEL)) ; 

/ROM7LO = (/DSO+/ (A16*A17*A18*//MASEL)) ; 

/ROM7HI (/DS1+/ (A16*A17*A18*//MASEL)) ; 

ENADD (//AS) ; 

ENDATLO ((/R-W+/MASEL) +/DSO) ; 

ENDATHI (/DS1+(/R-W+/MASEL)) ; 

Q0 = /((/ (ROO*Q0) ) *SO0*(//MASEL)) ; 

O71 / ((/ (RO1*Q1)) *SO1* (//MASEL)) ; 

Q2 / ((/ (RO2*Q2) ) *SO2* (//MASEL)) ; 

Q3 / ((/ (RO3*Q3) ) *SO3*(//MASEL)) ; 

/MASEL = /(/([/((A17*S17+/A17*/A17*/S17* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) * (A20*S20+/A20*/S20) * (A21*S21 
+/A21*/S21) * (A22*S22+/A22*/S22) * (A23**S23 
+ ({A2Z3*S23) *//AS)))) ¢ 

/DTACK = /((/(/MASEL+/ ((/Q0*WO*/W1) + (/Q1*WO*/W1) +(/Q2*/WO*W1) 
+(/Q3*WO*W1))))*R-WN) ; 

DTAK = /(DTACK) ; 

/R-W = /(R-WN) ; 

REG = Q0*Q1*Q2*Q3 ; 


@DEVICE TYPE 
PLHS501 

@DRAWING 
VMEEXP . DWG 

@REVISION 

@DATE 
2/12/1988 

@SYMBOL 

@COMPANY 

@NAME 
VMEE XP 

@DESCRIPTION 

@INTERNAL NODE 
RO3 SO3 DO3 RO2 SO2 
DO2 RO1 SO1 DO1 ROO 
SOO DOO 
Q0 Ql O2 Q3 
DIRECTION 
DB4 = 1 ; 
DBS 
DB6 
DB? 
OEO 
OE1 
OE2 
OE3 
XEO 
XE1 
XE2 
XE3 

@STEERING 
So 
Sl 
Se 
53 


PRP PPP PRP PP Pp 


oO” 0 


Figure 4-11. FULLEXP PLHS501 


-BEE File Figure 4-11. FULLEXP PLHS501 .BEE File (Continued) 
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MICRO CHANNEL INTERFACE 
IBM’s new Micro Channel Architecture 
(MCA) bus implements new features not 
found onthe XT/AT bus. One new require- 
ment for adapter designers is that of Pro- 
grammable Option Select (POS) circuitry. 
It allows system software to configure 
each adapter card upon power on, thereby 
eliminating option select switches or 
jumpers on the main logic board and on 
adapter cards. 


Each adapter card slot has its own unique 
—CDSETUP signal routed to it. This allows 
the CPU to interrogate each card individu- 
ally upon power up. By activating a card’s 
—CDSETUP line along with appropriate 
address and control lines two unique 8 bit 
ID numbers are first read from the adapter. 
Based upon the ID number, the system 
then writes into the card’s option latches 
configuration information that has been 
stored in the system’s CMOS RAM. The 
CPU also activates POS latch address 
102h bit 0, which is designated as acard 
enable bit. 


If a new card is added to the system, an 
auto—configuration utility will be invoked. 
Each adapter card has associated with it 
a standardized Adapter Description File 
with filename of @XXXX.ADF, where 
XXXX is the hex ID number of the card. 
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The configuration utility prompts the user 
according to the text provided in the .ADF 
file and updates the card’s latches and the 
system’s CMOS RAM. 


IBM reserves 8 addresses for byte—wide 
POS latches, however, depending on the 
card’s function, not all addresses need to 
be used. In addition, of those addresses 
that are used, only the bits used need to be 
latched. The first two addresses which are 
reserved for reading the ID bytes, and bit 
0 of the third address, which is defined as 
a card enable bit, are mandatory. Some of 
the remaining bits of the third address are 
suggested by IBM to be used as inputs to 
an I/O or memory address comparator to 
provide for alternate card addresses. 
Many adapter cards will not use more than 
these three POS locations. 


The following example describes an im- 
plementation of POS circuitry realized in 
aPLHS501. It uses only 56 of the possible 
72 internal foldback NAND gates and only 
a portion of the device pins, allowing addi- 
tional circuitry to ba added. Figure 5-1 
shows a block diagram of the circuit, and 
Figures 5-3 and 5-4 are the AMAZE files. 
Pins labeled DOO—D70 must be con- 
nected externally to pins DOI-D7I. They 
also must be connected through a 74F245 
transceiver to the Micro Channel. External 
transceiver direction and enable control is 
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provided for by circuitry within the 
PLHS501. The external transceiver may 
also be used by other devices on the 
adapter card. 


In this application, edge—triggered regis- 
ters are not required and therefore should 
not be used, as transparent latches use 
fewer NAND gates to implement. Fig- 
ure 5-2 shows the various latch circuits 
described by the AMAZE equations. POS 
byte 2 was made using four of the /B 
device pins and four of the B pins. Notice 
however, from Figure 5—2(B) that the bits 
onthe /B pins used the complement of the 
input pin, thereby implementing a non— 
inverting latch. Also, all 8 bits of this byte 
were brought to output pins. If some of the 
bits are not used by external circuitry, then 
the specific bit latch may not be needed or 
may be constructed entirely from foldback 
NAND gates freeing additional pins. 


An external F521 may be added to provide 
for I/O address decoding. As the MCA bus 
requires all 16 bits of the I/O address to be 
decoded, 8 bits may be assigned to the 
F521 and 8 bits to the 501. Bit fields 
decoded in the 501 may be done so in 
conjunction with bits from POS byte 2 to 
provide for alternate I/O addressing. Addi- 
tionally, some of the available 501 outputs 
may be used as device enables for other 
devices on the card. 
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-ADL 


—CDSETUP 
—-W/H0 
-S1 
-So 
-A2 
-A1 
~AO POS 
BYTE 2 
DATA OUTPUT 


CHRESET 


Figure 5-1. Block Diagram of Basic POS Implementation in PLHS501 


(SETUP) 


(INTERNAL NODE) 


(A) Control Signal Input Latch (1 of 7) (B) Data Latch of Bits 4-7 


(C) Data Latch of Bits 0-3 


Figure 5-2. Latches Used in MCA Interface 
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File Name : MCPOSREG 
Date : 5/31/1988 
Time : 11:50:2 


HHHHHHHHHHH HEHEHE REE E P IT N L I S T ##tkeeet ead tt tee EH HF 


Left Right 
LABEL cts LABEL 

BEVIS 
**eD4T 
F*D 31 
**D2T 
**D1II 
**DOT 
*x*T,3 

x*xT2 

*KDLYL 

*xLO 

**D7O 
**D6O 
**GND 


Bottom Top 
LABEL li balk <8 asks LABEL 

BUFEN sola ee =| “*SS1 
N/C sii we De | wESSO 
N/C al xe 23='| ** SETUP 
IOWB cal xe 24=| = CMD 
N/C xx **& 25-| *xkA? 
N/C ** xx 26- | **xAT 
N/C xx xk 27T-| **xAO 
DOO ial *e 29> *eMLO 
D10 ms ae 2O=| ** ADL 
D20 lad Be 30=] **RST 
D30 =e ae Sil **DTI 
D40 ze ee 32=| **DGT 
D50 eS ee 35— | eeDOSL 


Loe AOL ee I co oo eo co ce ce (| 


Figure 5-3. PLHS501 MCPOSREG Pinlist 
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File Name: MCPOSREG 
Date: 5/31/1988 
Time: Lie 502127 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
Basic Programmable Option Select circuitry 
for a Micro Channel Adaptor card 


@INTERNAL NODE 
feetupl, /miol,a0l,all, /faZz1,ss01,ssli; 
/en, outen, /iow; 

@COMMON PRODUCT TERM 
readO = (setupl1*/ssl1*ss01*miol*/cemd*a21*/all1*/a01) ; 
readl = (setupl*/ssl1*ss0O1*miol*/cmd*a21*/all* a01); 
read2 = (setupl*/ssl1*ssl10*miol*/cmd*a21* all*/a0l1); 


NOTE: In the above equations, setupl, miol and a21 all should be 
preceded by a slash (/). The slash was omitted to correct for 

a mapping error in AMAZE 1.65 when using active low internal node 
definitions in common product terms. 


b7h 
beh 
b5h 
b4h 
b3h 
b2h 
blh = 
bOh = 


I 


“ Define high ID byte ” 
“ (POS byte #1) i 
7 JE hex 7 


Il 
-.e 


‘eo 


. ‘ee 


“se Ne Ne 


OrFPrPrFPHEFP HHO 
’ 


“se 


b71 ; ™“ Define low ID byte ” 

b61 ;- ™ (POS byte #0) “ 

bS1 ; & FF hex _ 

b41] 

b31 

b21 

b1l 

b0l 

DIRECTION 

“3-state output control of d7o-d0o” 

xeO = (/setupl*/ssl11*ss01*/miol*/cmd*a21*outen) ; 

xel (/setup1*/ssl11*ss01*/miol*/cmd*a21*outen) ; 

xe2 (/setup1*/ssl1*ss01*/miol*/cmd*a21*outen) ; 

xe3 (/setup1*/ss11*ss01*/miol*/cmd*a21*outen) ; 
@I/O STEERING 


Figure 54. PLHS501 MCPOSREG .BEE File (begins) 
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@LOGIC EQUATION 
* T=Bit Input Latch for Control Signals ” 


/setupl /setup*/adl /setupl*adl; 
/moil /mio */adl /miol *adl; 
ssll ssl */adl ssll xadl; 
ss0l ssQ */adl ss0l ¥adl; 
/a2l /a2 */adl /a21 radl; 
all al */adl all *adl ; 
aQl a0 */adl a0l ®adl ; 


“ Option Select Octal Data Latch (POS byte #2) ” 
“ 10 is to be used as a card enable signal” 


Jen /(/setup1*/ss01*ssl11*/miol*/cmd*/a21*all1*/a01l)]; “write to latch” 


fit ] * [/rst] 
/16 [frst]; 
/15 {/rst]3 
/14 i [/rst] 
13 i fen * /rst 


, 


La 


, 


, 


11 i Jen * /rst 
10 i fen * /rst 


]) 
12 i jen ™ f¢at]) 2 

}) 

]) 


, 


“ Octal 3 to 1 Multiplexer 
“ This miltiplexer selects between reading 
POS[0O], POS[{1] or POS[2] onto the data bus” 


advo b7h*readl 
abo b6h* readl 


( b71*read0 /17*read2) ; 
( 
ado (b5h*readl 
( 
( 


b61*read0 /16*read2) ; 
b51*read0 /15*read2) ; 
b41*read0 /14*read2) ; 
b31*read0 13*readZ) ; 
b21*read0 12*read2) ; 
dlo (blh*readl b11*read0 11*read2) ; 
dado (bOh*readl b01*read0 10*read2); 
“3-State output control for d/o-d0o: 


a4o b4h*readl 
a3o b3h*readl 
a2o (b2h* readl 


+++ + 4+ 4+ + + 


outen =/[all*a0l]; 
“External F245 transceiver control” 
iowb /(/a21 * /setupl * miol * ssll * /ss0l); 


/iow = /(/a21 * /setupl * miol * ssll * /ss0Ol); 
bufen = cmd * /iow; 


Figure 54. PLHS501 MCPOSREG .BEE File (end) 
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NuBus INTERFACE 

In Apple Computer’s book* “Designing 
Cards and Drivers for Macintosh II and 
Macintosh SE”, an application was de- 
scribed for interfacing an 8—bit I/O control- 
ler to the NuBus. The controller used was 
a SCSI controller of the type used on the 
main Macintosh logic board. Seven 
devices (three of which were PAL archi- 
tecture) were used as control circuitry 
interfacing the SCSI controller and two 
RAM chips to the bus. 


This example of using the PLHS501 
shows a method of interfacing the same 
SCSI controller and RAM chips to the 
NuBus using only three parts. The adapter 
card schematic is shown in Figure 6—2 and 
the AMAZE listing is in Figure 6-6. 
Although the AMAZE listing may seem 
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confusing at first glance, the circuitry 
fused into the PLHS501 can be broken 
down into small blocks of latches, flip— 
flops, and schematically in Figures 6-4 
and 6-5. Circuit timing is shown in Fig- 
ure 6-3. 


Referring to Figure 6-4 and Figure 6-5, 
the circuitry starts a transaction by first 
detecting a valid address in either the slot 
or super slot range. The detection is ac- 
complished by two wide—input NAND 
gates, and controlled by the /CLK signal. 
Following each NAND gate is an S-R 
latch to hold the signal until near the end 
of the cycle. The two S—R latch signals are 
combined into one signal named STO 
such that if either NAND gate output was 
low, then some delay time after the rising 
edge of /CLK, STO will go low. The next 


MASTER 


BUS 
: ARBITRATION ‘ pee 
ei 


— 


Figure 6-1. Simplified NuBus™ Diagram 


rising edge of /CLK will cause signal ST1 
to go low. This sets signal DE2 low, which 
is an input to an external flip—flop to cause 
ST2 to go low at the next rising /CLK edge 
terminating the cycle. An external flip-flop 
was necessary to achieve a high-speed 
/CLK to/IOR and/ACK transition. Also, an 
external Fi25 buffer was added to meed 
the soon to be approved IEEE P1196 
specification requirement of 60mA lo, for 
signal /NMRQ and 24mA lo, for signals 
/TMO/TM1 and /ACK. Figure 6—5(B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
/RESET the latch is put into a known state. 
Under software control, by writing to a 
decoded address, the latch may be set or 
reset, thereby gating or blocking the inter- 
rupt signals. 


CLOCK 
ORIGINATION 


CLOCK 


ADDRESS, DATA, 
CONTROL AND PARITY 


ARBITRATION 


* Designing Cards and Drivers for Macintosh || and Macintosh SE, Addison—Wesley Publishing Company, Inc. 1987. 
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74F125 
— al 
— ates 
0 > = 
/ACK[_> wT 
(START [> 
CLK 
Ao3 [> 
AD2{|__> 
AD1 [> 
ADO {__> 
i 3 3S 
/AD30 
or ay fg N LL a as ee 
po as re N a 
‘ADost S| 5 N HOR 
‘aboe™S aN | 
/AD24[—_> : IRQ ane 
AOW 
GND CAB CBAL22_ Gup 
GND 3 SAB SBA 24 GND /RAMCS 
AOR GAB GBA 
74F651 
/ROMCS 
/DACK 
‘SCSI 
+5 
aa 
Voc /DBP 18 
ZL Day Le ———| 18 
14 
/DB6 
Ba 
= 4 a 
Ope 6 
oa ee 
CTRLR /DB1 
20 ISEL fis] 36 
ADS a, — ES i 
ADist—S 7, CS IACK Tis 52 
a A i ramae: AOR IAT fre Va 
/AD12(—> ee aw — 50 
/ADI1[__> i or ANO 
ad10[__> 3 a, DRA ICNO —— ic 
inDet a, Ro hea Fo] 
/AD8{___ > /REQ 
ADCLK 59 GND /RESET F-— /RESETB 
PU—? 3 37 GND Ai2 D7 
GAB GBA PU Ait D6 GND 
Noe] A10 r 
Noa] 0s 
Na 
La] AT kre 2 
FAS Ra a6 
re 7, a 7 
‘AD6 | er 
"ADS (= 7 
ped es a, TS |, 
i a 3 is | 
Abies io a, 
/AD19 $a ies 6264/2764 
/AD18[___ > 
ADCLK 5 CAB CBA S GND 
PU —#—3-] SAB SBA}=7— GND 
GAB GBA PU 
74F651 


Figure 6-2. Adapter Card Schematic 
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TMx 
/SLOT/SUPER 
STO 
ST1 
ST2 


/ACK 


/SCSI/DACK 
/ROMCS, /RAMCS 


AOR 


NOW 


Figure 6-3. Timing Diagram 


/S 


/RESET 


P 
D-LATCH WITH INTEGRAL AND GATE INPUT 
(DELAY INPUT UNTIL RISING EDGE OF /CLK) 
i 
(RESET = ou 


ST2 


Figure 6-4. Decoding and Latch Circuitry 
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/RESET 


AD/CLK 


/SLT 


/RESET 


(A) Four Internal Flip-Flops Constructed from NAND Gates. 


Slot*lOW*SetAddr 
AND-OR FUNCTIONS 


Siot"lOW*ResetAddr 


/RESET 


(B) Interrupt Enable Control Latch 


Internal Flip-Flops and Latches 


Figure 6-5. Internal Flip-Flops and Latches 
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Left Right 
LABEL we LABEL 

Vcc ¥*VEC 
/ID2 : **D 

/ID3 **DO 

DRQ **A19 
IRQ **A18 
STZ *¥*¥A9 

N/C **STO 
N/C «FHC 
N/C **N/C 
N/C | **N/C 
N/C **N/C 
N/C Fen /C 
GND **XGND 


Bottom Top 
LABEL xx xx LABEL 

N/C Re ** / IDI 
N/C **/TDO 
ACLK ** /RESET 
/ROMCS «xe /TM1 
/RAMCS ** JACK 
N/C ** /START 
/NMRQ ** /CLK 
DE2 **D7 
/RESET **D6 
/SCSI **D5 
/DACK **xD4 
/IORR **D3 
/IOW **D2 


Me AAR A AM HW Rh HA A Ye Ya a 


@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
SCSI-NuBus Interface 
@INTERNAL NODE 
/sl,/sp,/SLOT, /SUPER; 
snl, sn2,rnl, rn2: 
sn3,rn3,stl; 
sn4,rn4,tmll,tmlln; 
CMP 3a,CMP2a,CMPla, CMP0a; 
CMP 3b, CMP2b, CMP 1b, CMPOb; 
/slt,/sup, stln, adclk; 
setad, rstad, inten; 
slotn, supern; 
@COMMON PRODUCT TERM 
@I/O DIRECTION 
@I/O STEERING 
@LOGIC EQUATION 


“Address Decode” 
cmp0a = (d0*id0+/d0*/id0); 
cmpla = (d1*idl+/dl1*/idl) ; 


Figure 6-6. AMAZE Listing (begins) 
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(a2 *id2+fd2*/idZ) ; 
(a3*1d3+/a3*/id3) 3 
(d4*id0+/d4*/id0O) ; 
(da*idil+/d5*/idi) ; 
(a6*id2+/a6*/id2) ; 
(a7*id3+/dT*/id3) ; 


/ (aA7*d6*d4*cmp0a*cmpla*cmp2a*cmp3a*start*/ack*clk) ; 
/ (emp0b*emplb*cmp2b*cmp3b* start */ack*clk) ; 
*lateh slot signal” 
= /(/reset*st2*/[/sl*/slt]); 
“latch super signal” 
= /(/reset*st2*/[/sp*/sup]); 
“Let /slt or /sup through only 
until after the rising edge 
of /clk” 
/(/{/slt*/sup*clk] * /[stO*clk] * /[/slt*/sup*st0] * /reset); 
“Slot signal D-type Flip-Flop” 
snl /(/clk*slt* (/[snl*/reset*/super* (/[st0*rnl*/slt])])); 
rnl /(/clk*snl* (/[stO*rnl*/slt])); 
/slot = /(/reset*/super*snl*slotn); 
slotn = /(//slot*rnl*/slt) ; 
“Super signal D-type Flip-Flop” 
sn2 /(/clk*/sup* (/ [sn2*/reset*/slot* (/[st0O*rn2*/sup])])); 
rn2 f(/elk*sn2* (/[st0*rn2*/sup])); 
/super = /(/reset*/slot*sn2*supern) ; 
supern = /(/super*rn2*/sup) ; 
“State 1 D-type Flip-Flop” 
sn3 / (/clk* (/[sn3*/reset* (/[st0O*rn3])])); 
rn3 / (/clk*sn3* (/[(st0O*rn3])); 
stl = /(/reset*sn3*stln); 
stln= /[(st1*rn3]; 
“output to external flop” 
de2 = /(stlin * st2); 
“address latch clock” 
adclk = clk*st0O*stl1; 
aclk = elk*stO0*st i: 
“latch tml signal for r/w info” 
sn4 = /(adclk*/reset*(/[sn4* (/[/tml*rn4*/reset])])); 
rn4 /(adclk*sn4* (/[/tml*rn4*/reset])); 
tmll = /(sn4*tmlln); 
tmllin= /(rn4*/reset*tmll); 
tmll -> 1 read, O write 
tmlln -> 0 read, 1 write 
“straight decode stuff” 
/iorr /(/stO*tmll /reset); 
/iow /(/tmlin*st0 /reset); 
/scsi /(slotn*/al9*/al8*/a9 /reset); 
/dack /(slotn*/al9*/al8* a9 /reset); 
/romcs= /(slotn* al9* al18 /reset); 
/ramcs= /(supern /reset); 
/resetb= /reset; 
“interrupt control latch” 
setad /(tmlln*/stO*slotn* al9*/al8* a9); 
rstad /(tmlln*/stO*slotn* al9*/al8*/a9Q) ; 
inten = /(setad*(/[inten*rstad*/reset])); 


/nmrq = /(inten*drqtinten*irg) ; 


Figure 6-6. AMAZE Listing (end) 
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NUGGETS 

Much current focus for microprocessor 
design is on the address bus. Typically, 
most designers assume the processor will 
handle the data manipulation and the data 
bus is assumed to be astraight, clean path 
to and from the memory. Data transforma- 
tions may be accomplished for specific 
purposes when the application requires it. 
For instance, a classic transformation 
from the early 70’s was the bit reversal re- 
quired to address operands for a Fast 
Fourier Transformation. When designers 
implemented bit reversal as a separate 
hardware process, the whole system im- 
proved. Likewise for hardware multipliers. 


Also, a hidden “transformation” is the 
appending of parity and the calculation of 
E.C.C. polynomials. Clearly, when the de- 
signer recognizes that significant perform- 
ance improvement can be achieved by 
realizing the payoff attainable with a spe- 
cial purpose hardware device, he should 
design it. For example, let’s consider 
parity generation: 


Data Bus Parity 

The PLHS501 can span 32 bits of input 
data. It has four output Ex—OR gates, and 
the ability to generate literally any function 


Table 7—1(A). 
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of the inputs. It would seem that there 
must be some “best” way to generate and 
detect parity. Recall that the PLHS501 can 
generate both deep logic functions (lots of 
levels) and wide logic functions (lots of 
inputs). The best solution would require 
the fewest gates and the fewest number of 
logic levels. Let’s review the basics, first. 
Table 7—1(A) shows the parity function for 
two variables and Table 7—1(B) shows it 
for three variables. The Ex—OR function 
generates even parity. 


It is noticeable that there are precisely 
50% logical 1 entries in the truth tables. 
This yields the famous checkerboard 
Karnaugh Maps. With a checkerboard K— 
map, no simplification of Ex—OR functions 
is possible by Boolean simplification. The 
two variable Ex—OR has two ones (imply- 
ing 3 gates to generate), the 3 variable has 
four ones (implying 5 gates to generate). 
In general, 2°-'+1 product terms could 
generate Ex—OR functions in two levels of 
NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 


The PLHS501 could do this for 7 input 
variables in two levels (2°+1=65), but 


—_~—--=—- = OOd0oo py 
—-}-00+'_-0010 


-o}-0+;0+0/9 


cannot support 8 (2’7+1=129). Hence, it is 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the avail- 
able output Ex—OR functions. Let’s solve 
a 16 input Ex—OR function, by subparti- 
tioning. First, consider Figure 7—1(A) 
where two literals are Exclusive—ORed to 
generate an intermediate Ex—OR func- 
tion. This requires available complemen- 
tary inputs and generates even parity in 
two levels. Figure 7—1(B) also does this 
(by factoring), requiring 3 gate levels, but 
does not require complementary inputs. 


Assuming inputs must get into the 
PLHS501 through the pin receivers, it is 
best to generate as wide of an initial 
Ex-OR as possible, so a structure like 
Figure 7—1(A) expanded is appropriate. 
Figure 7-1 shows a 2-level 4 input 
Ex—OR function which may be viewed as 
a building block. This structure may be 
repeated four times, across four sets of 
four input bits generating partial interme- 
diate parity values which may then be 
treated through two boxes similar to Fig- 
ure 7—1(B). These outputs are finally com- 
bined through an output Ex—OR at a 
PLHS501 output pin. Figure 7-3 shows 
the complete solution which requires 44 
NANDs plus one Ex—OR. 


-oo-o0--=-oa/@ 


Table 7-1(B). 


Table 7-1. Even Parity Functions 
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Figure 7—1(A). Figure 7—1(B). 


Figure 7-1. Complementary Input Levels 
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4NPUT EX-OR SYMBOL 


Figure 7-2. Four Variable Ex—-ORs 
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Total gates = 44 + 1 Ex-OR. 
Gate Delay = 5-NAND levels + 1 Ex—OR. 


Figure 7-3. 16 Input Even Parity Generation 


April 1989 646 


Signetics Programmable Logic Devices 


PLHS501 
Application Notes Vol. 2 


Two examples follow which were supplied by 
one of our European Sales Engineers, Nils 
Lindgren. The first, called “paritet”, calculates 
even and odd parity for 24 input literals. Several 
output options are available and the design 
uses acascade with a different partitioning than 
just previously discussed. 


The second example “compare” implements, a 
16—bit comparator over 32 input bits. The de- 
sign generates outputs for conditions repre- 
senting the classic “EQUAL”, “AGTB” (A>B) 
and BGTA (B>A). The long, triangularized 
equation for T42 suggests that Nils found a 
clever editing approach to accurately enter a 


relatively long design equation into Signetics 
AMAZE. 


File Name : PARITET 

Date 5/31/1988 

Time 10:26:22 
HHHFHHHHHHEHH HHH HHH HHH P I ON L I S T ###t ttt HHH ts t HHH tH HH HH 
Left 


LABEL 
vec 


Right 
ENC ** LABEL 
+5V **VCC 
KKK 
xe J 
xx*T 
xk 
xxG 
eeN/C 
**N/C 
**N/C 
* XOEN 
x*kN/C 
**N/C 
**GND 


FNC **PIN 

+5V *F B=| 
x* 9- | 
ms LO 
¥* JT1I=| 
ee 12=| 
ee T3=| 
ee 14=| 
ae 15>| 
ee 16 | 
ee FT| 
we 18=| 
ee 19 | 
ee 20='| 


I 
a: 
I 
i 
I 
I 
B 
B 
B 
B 
0 


Bottom 
LABEL x* 


Top 
**P IN Rs LABEL 
N/C xx xx 21-| xy 
N/C xx xx 22- | x*xyX 
ODD_OC ¥%* 23-| aRV 
ODD ee 24-| liad © 
EVEN ee 25—| 
EVEN _OC xk 26-| 
N/C *e 27=| 
N/C ee 28] 
N/C *e 29=| 
N/C we 30=| 
N/C ee ai | 
N/C ee 32-| 
N/C ee 33=| 


x*T 
**kS 
**R 
**O 
**p 
**O 
**N 
**M 
«eT 


AH AHA HR Re eH AY A A Fe 


Figure 7-4. PARITET PLHS501 Pinlist 
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File Name : PARITET 
@DEVICE TYPE 
PLHS501 
@DRAWING 
@REVISION 
@DATE 
1988 
@SYMBOL 
@COMPANY 
Philips 
@NAME 
Nils Lindgren 
@DESCRIPTION 
24 bit parity circuit 
@INTERNAL NODE 
JO J1 J2 J3 J4 JS J6 J7 J8 J9 TO T1 T2 T3 
@COMMON PRODUCT TERM 
@I/O DIRECTION 
OE1=T2*T3*/OEN; 
OE2=/0EN; 
OE3=TO*T1*/OEN; 
@I/O STEERING 
@LOGIC EQUATION 
“FIRST LEVEL: ‘EVEN’ FROM GROUPS OF THREE INPUTS” 
JO=/A*/B*/C /A*B*C + A*/B*C + A*B*/C; 
J1l=/D*/E*/F /D*E*F + D*/E*F D*E*/F; 
J2=/G*/H*/I /G*H*I + G*/H*I G*H*/I; 
J3=/I*/K*/L JI*K*L + J*/K*L J*K*/L; 
J4=/M*/N*/O /M*¥N*O + M*/N*O M*N*/O; 
J5=/P*/Q*/R /P*Q*R + P*/Q*R P*6*/Rz 
J6=/S*/T*/U /S*T*U + S*/T*U S*T*/U; 
J7=/V*/X*/Y IVEXRY + V¥/X*Y + V*¥X*/Y; 
“SECOND LEVEL: ‘EVEN’ FROM FOUR GROUPS AT A TIME” 
J8=/J0*/J1*/JI2*/JI3 + /JO*/J1*I2*I3 + JO*J1*/J1*/JI3 /JO*J1*I2* 53 
+ JO*/J1*/J2*I3 + /JO*J1*/J2*J3 + JO*/J1*J2*/J3 JO*J1*J2*J3; 
J9=/T4*/I5S*/JOX/TT + /J4*/IS*IJ6*I7T + J4*I5S*/J6*/I7 /J4*I5S*J6*I7 
+ J4*/IS*/JO*IT + /J4*IS*/JE*I7T + J4*/I5*56*/I7 J4*IS*J6*I7; 
TO=/ (J8*J9) ; 
T1=/ (/J8*/J9); 
T2=/ (J8*/J9); 
T3=/ (/J8*J9) ; 
ODD=/ (T2*T3) ; 
EVEN=/ (TO*T1) ; 
ODD _OC=0; 
EVEN OC=/ (1); 


+++tee te + t+ 


Figure 7-5. PARITET PLHS501 .BEE File 
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File Name : compare 
Date : 5/31/1988 
Time : 10:25:29 


HHHFHFE HEF HHE RH RH EHH HE P TON L I S T Ft ttt eee et tes # tt HE FF 


Left Right 
LABEL **PIN PIN** FNC ** LABEL 
Vcc xe §=68-| |-46 ** +5V **VCC 
AO 9-| |-45 ** **B2 
Al 10-| |-44 ** **Bl1 
A2 11-| }-43 ** **BO 
A3 ie j-42 ** ** AF 
A4 13-| |-41 ** **AE 
A5 14-| |-40 ** **AD 
A6 15=| |-39 ** **AC 
Al L6=| |-38 ** ** AB 
A8 17-| |-37 ** **AA 
A9 Le | |-36 ** **N/C 
13= | [=35 ** *eN/Cc 
20-| * *GND 


OH HWW WAH aOR as ia 
O OH HHH WARaaa a 


co) 
< 


Bottom Top 
LABEL aia **PIN bali LABEL 
EQUAL bal we Z1—| **BP 
AGTB x Ee 22=] **BE 
BGTA a ce 23~| **BD 
N/C ** ** 24-| **BC 
N/C tal 25=| **5EB 
N/C ne 26-| **BA 
N/C la zZ2i~| **BS 
N/C sl 25=| ¥*BS 
N/C lig 29-| **B7 
N/C ald 30-| **B6 
N/C bk 31=| ¥=55 
N/C ial 32=| **B4 
N/C ik 33-| lag 


HAHAH Re AR Ree A Ae Aa AR eS 


Figure 7-6. PLHS501 Pinlist for 16—Bit Comparator 


File Name : compare 
Date : 5/31/1988 
Time =: 10:25:43 


@DEVICE TYPE 
PLHSS01 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
PHILIPS 
@NAME 
NILS LINDGREN 
@DESCRIPTION 
16 BIT COMPARATOR WITH THREE OUTPUTS: 
EQUAL, AGTB (A>B), AND BGTA (B>A) 


Figure 7-7. Compare PLHS501 .BEE File (begins) 
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@INTERNAL NODE 
Tl T2 TS T4 5 T6 
To 10 Til Ti2 T13. T14 
TL? TiS TLS TZ0 T21 T22 
T25 T26 T27 T28 T29 T30 
T41 T42 

@COMMON PRODUCT TERM 

@I/O DIRECTION 

@I/O STEERING 

@LOGIC EQUATION 
T1=/ (AF*/BF) ; T2=/ (/AF*BF) ; 
T3=/ (AE*/BE) ; T4=/ (/AE*BE) ; 
T5=/ (AD*/BD) ; T6=/ (/AD*BD) ; 
T7=/ (AC*/BC) ; T8=/ (/AC*BC); 
T9=/ (AB*/BB) ; T10=/ (/AB*BB) ; 
Tl1l=/ (AA*/BA); T12=/(/AA*BA); 
T13=/ (A9*/B9); T14=/(/A9*B9) ; 
T15=/ (A8*/B8); T16=/ (/A8*B8) ; 
T17=/ (A7*/B7); T18=/(/A7*B?7) ; 
T19=/ (A6*/B6); T20=/ (/A6*BE) ; 
T21=/ (A5*/B5); T22=/(/A5*BS); 
T23=/ (A4*/B4); T24=/(/A4*B4); 
T25=/ (A3*/B3); T26=/(/A3*B3) ; 
T27=/ (A2*/B2); T28=/(/A2*B2) ; 
T29=/(A1*/B2); T30=/(/A1*B1); 
T31=/ (AO0*/BO); T32=/(/A0*BO) ; 


T41=T1*T2*T3*T4*TS* TEXT *TS*TOXTIO*XTIL*TI2*T13*T14*T1i5*T16*T17* 
T18*T19*T20*T21*T22*T23*T24*T25*T26*T27*T28*T29*T30*T31¥*T32; 
142= /Ti+ 
/T3*T2+ 
/T5*T4*T2+ 
/TT*TE*T4*T2+ 
/TOXTE*TEX*T4*T2+ 
/T11*T1O*TS*TE*T4*T2+ 
/T13*T12*T1O*TS*TE*T4*T2+ 
/T15*T14*T12*T10O*TS*TE6*T4*T2+ 
/T17*T16*T14*T12*T10*T8*TE*T4*T2+ 
/T19*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T21*T20*T18*T16*T14*T12*T1O*TS*TE*T4*T2+ 
/T2Z3*T22*T20*T1S*T16*T14*T12*T1O*TS*TE*T4*T2+ 
/T25*T24*T22*T20*TIS*T1O*T14A*T12Z*T1IO*TS*TE*T4*T2+ 
/TZ7T*T26*T24*T2Z2*T20O*TIS*T1IE*T1L4*T12*T1LO*TS*T6*T4*T2+ 
/T2Z9*T2B*T2Z6*T2Z4*T2Z2*T2O*TIS*TLOX*T1L4*T12Z*TLO*XTS*TE*T4*T2+ 
/T31*T30*T28*T26*T24*T22*T20*TIS*TLEO*T14*T1L2*T1LOXTS*T6*T4*T2; 


EQUAL=T41; 
AGTB=T42; 
BGTA=/ (T41+T42) ; 


Figure 7-7. Compare PLHS501 .BEE File (end) 
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Data Bus Operations 

The following is basically an academic 
example, posed for the sake of illustration. Sup- 
pose some special data bus operations are 
desirable. For the purpose of illustration, let's 
label the microprocessor bus output side as 
ODATO—ODAT15 and the output of our 
PLHS501 as DO—D15. Basically, the micro- 
processor will output straight data and the 
PLHS501 will alter it according to some plan. 


We will replicate multiple identical cells, but 
they need not be identical in practice. Table 7-2 
shows the operations to be done (just about any 
could be chosen, provided they meet the gate 
budget). 


Table 7-2. Data Operations 


Te Th [Or 
To [0 [ooarieass 


| 9 | 1 | ODATI (complement) | 
pt jo | swrch 
pt | + | poupte shit 
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At 
ODATI+2 


Figure 7-8. Basic Cell Structure 


It may be observed that in one mode, the data 
passes directly, it complements in another, 
switches bits in another and rotates right in the 
last. Four input gates per bit are required to map 
the bits, and one output gate. Clearly, the 
straight PLHS501 NAND outputs can be judi- 
ciously used, but care must be taken when us- 
ing other output functions. A 16—bit data bus 
requires 16 cell configuration where each cell 
is essentially identical to Figure 7-8, but its in- 
ternal structure may be altered to account for 
the particular output pins logic function. 
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INTRODUCTION 

Certain design techniques are used 
repeatedly by nearly all digital systems 
designers. If these useful building blocks 
occur with enough volume production, 
they become special purpose contenders 
for silicon manufacturers to justify render- 
ing as standard products. Some building 
blocks, however, are never viewed as 
likely candidates because the perform- 
ance requirements may be too high, the 
volumes not high enough, or it never oc- 
curred to marketeers that these sub- 
systems would be valuable. System 
designers could fashion solutions to these 
building blocks from glue logic or PLDs 
and sometimes small gate arrays. Several 
typical building blocks will be illustrated 
here — including a 4-byte datapipe, a 
small content addressable memory 
(CAM), a system resource scoreboard 
and a synchronous receiver/transmitter. 
The generation of each building block will 
be demonstrated with a  Signetics 
PLHS502 (Figure 1-1). This device is ren- 
dered in the Programmable Macro Logic 
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(PML) architecture which deftly bridges 
the gap between gate arrays and ordinary 
PLDs. 


Designed with a high-speed bipolar 
process, the PLHS502 combines 64 
extremely wide foldback NAND gates with 
two types of internal flip-flops. The 
PLHS502 provides 8 internal D flip—flops 
and 8 internal S-R flip—flops. Each flip— 
flop can toggle in excess of 50MHz. 
These flip—flops are called “hard macro” 
flip—flops. Unique among such program- 
mable devices, each flip-flop has com- 
pletely independent clocking. This allows 
either external clocking (from four differ- 
ent pins) or internally derived clocking 
events. Ripple and synchronous control- 
lers may be freely mixed. It should be 
remembered that additional flip-flops and 
specially custom designed flip—flops may 
be configured from the NAND array. Clock 
independence is a requirement for gener- 
ating distinct internal sequencers and 
controllers. Additionally, it should be noted 
that the flip—flop Q outputs cross the clock 
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fusing array, but Q outputs do not. The 
PLHS502 is packaged in a 68-pin PLCC. 


This application note consists of several 
sections. The next section briefly de- 
scribes Signetics SNAP software pack- 
age for implementing PML _ designs. 
Section 3 describes the basic process for 
estimating whether a design will fit into a 
PLHS502. In Section 4, some guidelines 
for designing synchronous state ma- 
chines are given with focus on efficient 
counter and shifter design. Specific exam- 
ples are included which may be easily 
mimiced for successful state machine de- 
sign. Additional guidelines are then pro- 
vided in Section 5, for optimizing a design 
before it is implemented with SNAP. 
These guidelines will help guarantee that 
SNAP implements the function precisely 
as needed. In Section 6, some larger ex- 
amples are provided which illustrate some 
interesting and unique capabilities of the 
PLHS502. Section 7 details a procedure 
for merging logic functions into flip—flops 
for faster, more efficient structures. 
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DEVELOPMENT SUPPORT 
Because the architecture encourages 
deep functional nesting, a new support 
tool has been developed. Synthesis, Net- 
list, Analysis and Program (SNAP) soft- 
ware defines a gate array type 
development environment. SNAP per- 
mits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator 
with back annotation, waveform display 
and a complete fault analyzer and final 
fusemap compilation and model extrac- 
tion. SNAP comes with a library of cells, 
and designs may be captured indepen- 
dently of the ultimate device that will im- 
plement the design. This permits the 
designer to migrate his design among a 
family of PML devices just as gate array 
designs can be moved to larger founda- 
tions when they do not route on smaller 
ones. Figure 2-1 shows the SNAP user 
interface “Shell” which dictates one se- 
quence of operations to complete a de- 
sign. Other sequences may be used. 


The top portion of the shell depicts the 
paths available for design entry. Any de- 


FutureNet and DASH are trademarks of DATA /O 
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sign may be implemented in any one ora 
blend of all methods. For instance, a shift 
register might best be described schemat- 
ically but a decoder by logic equations. 

These may be united with a multiplexor 
described by a text netlist as well. Ulti- 
mately, each form of input will be trans- 
formed to a function netlist and passed 
either to the simulation section or to the 
compiler section. Waveform entry is for 
simulation stimuli. 


The simulator portion of SNAP is a 
5—State gate array simulator with full tim- 
ing information, setup and hold time 
checking, toggle and fault grade analysis 
and the ability to display in a wide range of 
formats, any set of nodes within the de- 
sign. This permits a designer to zoom in 
with a synthetic logic state analyzer and 
view the behavior of any point in the de- 
sign. Simulations can occur with unit de- 
lays, estimations or exact delays. The 
sequence of operations depicted in Figure 
2-1 Is entirely arbitrary, as many other 
paths exist. 


It should be noted that the output of the 
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“merger” block represents the composite 
design, but as yet is not associated to a 
PML device. This occurs in the compiler 
portion wherein association to the device 
occurs and a fusemap is compiled. This is 
analogous to placement and routing in a 
gate array environment. Because of the 
interconnectibility of PML, this is not diffi- 
cult. Once compiled, the exact assign- 
ment of pins, gates and flip-flops is 
known, so timing parameters may be 
associated and a new simulation model 
generated with exact detailed timing em- 
bedded. The design may be simulated 
very accurately at this point, and if correct, 
a part should be programmed. 


To facilitate future migration to work- 
stations, SNAP has been written largely in 
C. The internal design representation is 
EDIF (Electronic Design Interchange For- 
mat) compatible which permits straight- 
forward porting to many commercially 
viable environments. SNAP currently uti- 
lizes OrCAD for schematic entry with 
eminent availability of FutureNet™ 
DASH. 
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BOOLEAN STATES 
NETCONV STATECONV 


SIMNET COMPILER 
SIMPRT PLOT 


Figure 2-1. SNAP Shell Design 
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CAPACITY AND PARTITIONING 
CONSIDERATIONS 

One of the dominant attributes of PML 
architecture is its complete interconnecti- 
bility. Any function —NAND, flip—flop, input 
and output structures, can be connected 
to any other. PML devices do not exhibit 
the restricted interconnect bottleneck like 
other programmable gate arrays. If there 
is Capacity within the part for a function, it 
can be connected without the sad surprise 
ending of “nonroutability”. Estimation for 
design fit is simply a matter of tallying func- 
tion usage against a fixed set of resources 
using atable lookup. An elementary table 
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of typical useful functions is provided in 
Table 3-1. Clearly Table 3-1 shows only 
a few of the typical functions achievable 
and their relative “expense” from the total 
function budget. As with gate arrays, the 
designer needs only to implement the 
portion of his chosen function that is to be 
actually used. 


Fortunately, if the designer is using SNAP, 
all unused functions will be automatically 
eliminated. This is done by netlist analysis 
where SNAP observes an output within 
your circuit which is unconnected. It 
eliminates the unconnected gate and 


TABLE 3-1. PLHS502 GATE EQUIVALENT TABLE 


FUNCTION 


NANDs 
ANDs 
NORs 
ORs 


Gate Macro Flip-Flops: 


D-FF 
SR-F 


Gate Implemented Flip—Flops: 


D-—FF 

T-FF 

J—K-FF 
Transparent—D Latch 
S-R Latch 


Decoders: 


3 to 8 
4 to 16 
5 to 32 


Encoders: 


Multiplexors: 


INTERNAL 
NAND 
EQUIVALENT 


reanalyzes to see if there are more uncon- 
nected gates in the design. The procedure 
iterates until there are no more uncon- 
nected gates. When estimating whether a 
function will fit or not, the values in Table 
3-1, if used without modification, should 
result in a high gate count. So, to more ac- 
curately assess fit, they should be derated 
to account for automatic netlist trimming. 
As well, the estimator should consider log- 
ic functions which can be obtained for 
“free” from input buffers and output func- 
tions. Guidelines, provided in Section 5, 
will illustrate this process. 


COMMENTS 


For 1 to 32—pin input variables 

Add'l internal inputs can be used as needed 
Add'l internal inputs can be used as needed 
Add'l internal inputs can be used as needed 


Total Budget = 8 
Total Budget = 8 


With async S-R 
With async S-R 
With async S-R 
With async S-R 
With async S-R 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available 
(24 chip outputs only) 


Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 


Inverted inputs available 
Inverted inputs available 
Inverted inputs available 


Can address only 27 externally inputs — more if internal only. 


This disallows clock inputs to flip—flop. 


PLHS502 Rough Resource Budget = 64 NANDs, 8 D, 8 SR, 24 inputs, 16 outputs, 8 bidirect. 
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STATE MACHINE DESIGN 

Synchronous state machines can be clas- 
sified in roughly three practical categories 
— sequence generators, sequence de- 
tectors and controllers. These can also be 
subcategorized as Mealy, Moore, finite 
state, linear, etc. A very large application 
market is covered, by considering the ba- 
sic design of counters and shifters be- 
cause a counter (with possible decoding) 
can be viewed as a generalized sequence 
generator and a shifter (with decoding) 
can be viewed as a sequence detector. A 
couple of small examples should illustrate 
the basic principles of flip—flop selection, 
picking optimal solutions and trading off 
hard macro and soft macro functions. 
First, a few small counters will be dis- 
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cussed in detail from a logic viewpoint. 
Then, small shifters will be shown. These 
basic designs are extendible so that a 
designer can recognize the patterns to 
make the counters and shifters bigger if 
necessary. Inthe next section, some gen- 
eral guidelines for getting “smaller, tighter” 
designs will be given. 


Counter Design Notes 

A straightforward 3—bit up/down counter 
transition table is depicted in Figure 
4—1(a). The state variables are desig- 
nated A, B, C and the direction control is 
U. Up counting occurs when U = 1 and 
down counting occurs when U = 0. Figure 
4—1(b) shows four variable maps with the 
next state transitions at the current state 


0 
” 


—_e = = OOdO > 
=OoOa8400-— 
o-o-0—-0— 
o-0o-0+-0— 


0 
1 
0 
1 
0 
1 
0 
y 


COUNTER STATE TABLE 


and input intersections. These transitions 
will be useful in reference to Figures 4-2, 
4-3 and 4—4 where the design is cast onto 
D, S—R and J-K flip—flop solutions. 


We will not initially be interested in the full 
design details but rather, only on the num- 
ber of product terms and sum terms for 
each solution. Figure 4—2(b) shows the 
K-—map loops for a D flip—flop solution. 
Figure 4—2(a) shows the required transi- 
tions used to generate the three maps in 
Figure 4—2(b). There are 9 loops forthe A 
and B variables requiring 9 product terms 
and 2 sum terms for driving the A and B 
flip—flops. The C flip-flop requires no addi- 
tional logic. Note the “SUM” terms are free 
on PLHS502 D flip-flops because of the 
embedded NANDs. 


fe] ef] 

fee) orf 0] 

foe) ef af vr 
A 


TRANSITIONS 


TRANSITIONS TRANSITIONS 
(b) 


Figure 4-1. 3—Bit U/D Counter Definition 
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DA takes 5 P—Terms 
DB takes 4 P—Terms 
DC takes 0 P—Terms 


3 Variables, 8 States and 9 P—Terms and 2 S Terms 
(b) 


Figure 4-2. K-Map Loops Using D-FFs 
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Product Terms 
Sum Terms 


(b) 


Figure 4-3. K-Map Loops Using S-R-FFs 
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Figure 4-3 shows the same design implem- 
ented with S-R flip-flops. Figure 4-3 (a) shows 
the required S-R transitions and Figure 4—3(b) 
maps them onto the corresponding state vari- 
able maps. Tallying the loops, we find a total of 
8 product terms and 4 sum terms. Again, the 
sum terms are free. 


Figure 4—4 shows the design again on J-K flip— 


August 1989 


PLHS502 Application Notes 


Product Terms 
Sum Terms 


(b) 


Figure 44. K-Map Loops Using J-K-FFs 


flops. Figure 4—4(a) shows the transitions and 
Figure 4—4(b) the K—-map loops. Again tallying 
yields 4 product terms and 4 sum terms. The C 
variable is realized by J = K = 1 using no product 
terms, or sum terms. 


From standard logic design we know that D flip— 
flops will increase product terms (no don't care 
transitions), S-R flip-flops are less dramatic 
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and J—Ks increase product terms the least (i.e., 
maximum don’t cares). 


However, the PLHS502 has no J-K flip-flops. 
For simple toggling, the D flip-flop requires no 
additional circuitry and is the smallest (usually 
fastest) implementation. So, Ds should always 
be assigned for the least significant bit. 


Signetics Programmable Logic Devices 


—_ oe St = O O00 
=O O =| O =$ Oo OD 


If required, J-K flip-flops can be constructed 
from D flip-flops by utilizing the structure 
shown in Figure 4—5, as a substitution. The sum 
term is taken from the NAND physically con- 
nected to the D flip—flop and the K input may be 
derivable from either an input inverter or a Q 
from a flip—flop. There will be a penalty for using 
this structure from a speed point, but it may 
save gates if used judiciously. 


This example assumes the designer is imple- 
menting the counter with the internal hard mac- 
ro flip—flops. If the design is being generated 
from the NAND array only, it should be noted 
that the payoff will be interestingly different. 
The D flip-flop requires 6 NANDs and the J-K 
flip—flop will require 10 NANDs. In this version, 
the sum terms cost an additional NAND gate 
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each. So, the 3—bit up/down counter will 


require: 
Flip-flops : 3x6= 18 
Sum terms 2 
Prod. terms 4s 
Total = 29 gates 


The same design built from J—Ks configured 
from NANDs will require: 


Flip—flops : 3x10= 30 

Sum terms 3 

Prod. terms ; 4 
Total = 37 gates 
661 


The all D version looks pretty good at this point 
from a total gate count view. Let's take a closer 
look atthe D flip-flop solution: 


Figure 4-6 shows the D flip—flop solution with 
all prime implicants looped and the correspond- 
ing transition equations are below. This is im- 
plemented in Figure 4—7 using conventional D 
flip—flops in the PLHS502. An alternate solution 
would be to substitute the 6 NAND D flip-flop 
for each D-box in Figure 4—7, but a better (only 
25 gates!) solution can be achieved by merging 
the logic gates on the inputof the flip—flops right 
into the NAND flip—flop structure as shown in 
Figure 4-8. This technique was described in 
PLHS501 Applications Notes Volume 2. 
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ABCU + ABCU + ABT + ABU + ACU 
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Figure 4-6. D Flip-Flop Equations for 3—Bit Counter 
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Figure 4—7. 3—Bit Solution using PLHS502 D Flip-Flops 
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A couple of final notes on counter design. The 
basic structure for a simple up counter is shown 
in Figure 4-9. This one uses a D flip—flop least 
significant bit and a generic format for high 
order bits, as shown. Note that only 2 product 
terms per bit are needed. 


Down counters can be treated similarly. Fairly 


ALL LOWER 
Q OUTPUTS 


ALL LOWER 
Q OUTPUTS 


Q OUTPUTS 


LOWER THAN 


THIS CELL 


Q OUTPUTS 


LOWER THAN 


THIS CELL 


general sequence generators can be confi- 
gured from counters by simply adding a 
combinational decoder, as needed. One final 
counter example is shown in Figure 4-10 
wherein a 10-bit counter is defined using the 
SNAP Boolean equation format. Note that the 
logic equations follow the format described in 


MOST 


Figure 4-9. All resets are shared as well as all 
clocks. This design would require eight hard 
macro S-R flip-flops, one hard macro D flip— 
flop and one additional S—R flip—flop which 
SNAP would automatically configure from a 
hard macro D flip—flop. 


SIGNIFICANT 


BIT 


INTERMEDIATE 


LEAST 
SIGNIFICANT 
CLOCK ? 


Asynchronous reset is not shown. 
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Figure 4-9. Up Counter Structure 
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@PINLIST 
CLOCK I; RESET 1; 


LOGIC EQUATIONS 
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/BPAe 
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G*A*B*C*D*E*F;: 
/H*A*B*C*D*EXE*G; 
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/I*A*B*C*D*EXF*G*H> 
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L*A*B*C*D*E*F*G*H*T> 
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Figure 4-10. 10—Bit Up Counter — SNAP Style 
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Shifter Design Notes 

Efficient shifter design is critical to achieve the 
fastest, most economical PLHS502 sequence 
recognizers. For ideal shifters, no additional 
gates should be required if the designer cor- 
rectly exploits the hard macro flip—flops for the 
part. Normally, one views a shifter as an input 
toD, QtoD, QtoD, etc., like circus elephants 
walking nose to tail. But, the PLHS502 D flip— 
flop has an embedded NAND gate which, for 
this type of design, appears to “get in the way”. 
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By recognizing the availability of the Q output, 
if it is used instead, the design procedure 
remains “nose to tail” substituting Q for Q into 
the NAND (using only one input). Should a fan- 
cier shifter be required (see the Synchronous 
Receiver/Transmitter design at the end), the 
designer may choose to even implement soft 
macro “merged” shifter flip—flops. 


The maximum internal “all shifter” capacity of 
the PLHS502 is 26 bits, assuming conventional 


Figure 4-11. 3—Bit Shift Register State Diagram 
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structure flip-flops. If one were to design a 
schematic with 26 D flip—flop cells in cascade, 
SNAP would configure the first 8 from the hard 
macro Ds, the next 8 from the hard macro S—Rs 
and the last 10 from the NAND array. 


An example illustrating a nonschematic cap- 
tured 3—bit shifter follows. Figure 4-11 illus- 
trates its’ state diagram, Figure 4—12 shows the 
state equation solution and Figure 4—13 shows 
the very compact Boolean equation solution. 
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@TRANSITIONS 


WHILE [ ] 
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WHILE [SO] 
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WHILE [S2] 
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WHILE [S5] 
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WHILE [S7] 
IF ae 
IF I0 


Figure 4-12. 3—Bit Shifter — 
State Equations 
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@PINLIST 

CLOCKI; 

DATA T% 
RESETI; 

QA Oe 

QB O; 

Qc O; 
@LOGIC EQUATIONS 


QA.D =DATA; 
QB.D = /ORS 
oc .D = QB; 


QA.RST RESET; 


QB.RST RESET; 
QC .RST RESET; 
QA.CLK CLOCK; 
QB/CLK CLOCK; 
QC .CLK CLOCK; 


Figure 4-13. 3-Bit Shifter — 
Boolean Solution 
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ADDITIONAL DESIGN 
GUIDELINES 

The following guideline summary is by 
no means complete. Rather, it is a list 
of straightforward substitutions which the 
designer can make to help guarantee that 
the design fits. The basic approach is to 
build the design using the basic building 
blocks of the architecture. For the 
PLHS502 this means using NAND gates, 
D flip-flops and S-R flip-flops. To make 
this clear, we will enumerate and illustrate 
good basic design substitutions. 


1. Use NAND gates whenever possible. 


2. Use S-R flip—flops for counters over 4 
bits long. 


3. Use D flip—flops (if possible) for the 
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least significant counter bit. 


. If possible eliminate NOR functions by 


converting to AND with complemented 
input (use Q on flip-flops and available 
input complements). 


. AND gates which feed NAND gates 


can be replaced by wider NAND gates 
(exploit NAND width). 


. Eliminate all extra inversions by ex- 


ploiting input complements and flip— 
flop /Q outputs. 


. If you exceed your flip—flop budget of 


hard flip—flops, put the most complex 
flip-flop configurations into soft mac- 
ros (see Section 6). Fold the gating 
function into the flip—flop. 


. Careful output pin assignment can re- 


sult in a free logic function as the signal 
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leaves the device. So, assign com- 
plemented, buffered outputs accord- 
ingly. Exclusive—-OR/parity controlled 
outputs are slower, so assign them ac- 
cordingly. 


9. Build toggle chains out of D flip—flops, 


then S-R flip—flops, to conserve NAND 
gates. 


10.The NAND-feeding D-FF structure 
may be thought of as an AND-feeding 
D-FF with Q and Q reversed. 


11.For very large counters, converting D— 
FFs to J-K FFs may be appropriate. If 
necessary, then do so. 


12.Efficient methods for implementing 
Exclusive—OR functions are described 
in PLHS501 Applications Notes Vol- 
ume 2. 
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(a) 
“D- + BoD == Sie 


GET AT OUTPUT 


GET FROM PIN INPUTS 
OR FF-Ge 


(Cc) 
> — “Re - 


PIN INPUTS OUTPUT PIN OR 
OR Gs 


NEXT NAND 


Figure 5-1. PLHS502 Guidelines 
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ADDITIONAL PLHS502 
APPLICATIONS 

These examples illustrate various appli- 
cations the PLHS502 is capable of, which 
are quite interesting. 


Byte Data Pipe 

A common system building block is the 
byte data pipe illustrated in Figure 6-1. 
This elementary structure illustrates a par- 
allel cascade of octal registers where 
each tier is independently clocked. Data 
arrives at the input pins and is clocked in 
by clock A. After settling, this is clocked 
into the second tier by clock B, the third tier 
by clock C and the output tier by clock D. 
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The two center registers are generated 
from NAND gate transparent latches com- 
prised of three gates. This classic three— 
gate latch has a static hazard in the ones, 
but careful timing and masking the input 
and output logical image to the outside 
world, with edge triggered registers, es- 
sentially eliminates this evidence. This 
consumes 48 of the 64 gates budget in the 
PLHS502. The remaining gates may now 
be used as needed to configure this data 
path for a more specific applications such 
as: 
a. A distributed decoder as in a RISC 
pipeline. Each remaining gates can de- 
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tect 32-bit internal state combinations 
(expanded to 40 bits if simultaneous 
examination of the input pins is de- 
sired). 


b. A 4—byte queue for interprocessor and 
processor to bus communications and 
synchronization. 


c. A3-, 4-, or 5—byte sequence detector 
for byte oriented protocols. 


Clearly, one of the internal register tiers could 
be freed up or the arrangement altered to have 
a three position data pipe and a group of S-R 
registers to implement a bus handshaker or in- 
ternal counters for a queue pointer, etc. 
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Figure 6-1. A Byte Data Pipe 
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Custom CAMS 

Another common block used in memory and 
I/O systems today is the content addressable 
memory (CAM), illustrated in Figure 6-2. 
These are used for associative searching and 
often implement the TAG structure or VALID bit 
structure for the translation lookaside buffer in 
a cache system. CAMs more closely resemble 
a small register array where each cell has an in- 
dependent data compare operation with a glob- 
al polling mechanism. This example illustrates 
the PLHS502’s ability to realize a small, rela- 
tively fast 4X4 CAM. In this example, the 16 
register cells are made with the D flip-flop and 
the S-R flip—flops configured as Ds. Each flip— 
flop outputis compared to acorresponding data 
input with a coincidence function which is 
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generated from three NANDs. Groups of four 
comparators are then ANDed together to gen- 
erate the HIT signals indicating the presence of 
a 4—bit item. If speed and gate economy are 
required, the composite compare function can 
be generated, exploiting wide gates rather than 
deep cascades. 


The CAM operation is simple. The CAM must 
first be loaded, with four bits in each tier. Load- 
ing was chosen to be 4—bit parallel with inde- 
pendentclocking. This allows “one transaction” 
replacement and is the most flexible approach 
for implementing arbitrary updating policies. 
Once it is loaded, the 4-bit data is applied on 
the same lines (this could easily be changed to 
four different lines). When a value is applied, a 


Figure 6-2. 4X4 CAM 
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“HIT” is generated if the current value matches 
one of the stored 4-bit items. How the “HIT” is 
used by the outside system Is system depen- 
dent. If a value is applied and there is no “HIT,” 
there is noresponse. Again, there are anumber 
of remaining internal NAND gates as well as 
most of the gates tied to the I/O pins to perform 
additional tasks and adapt the behavior of this 
building block. 


This is a very efficient structure to implementa 
direct mapped cache, where four 1-megaword 
regions could create the logical image of a 
16—megaword region. The time from valid 
address to valid “HIT” is about 20 nanoseconds 
— max. 
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System Scoreboard 

High digital system throughput may be 
achieved by allowing high-speed processors 
to run independently at their own rate. Hence, 
operation speed is only limited when data or 
function dependencies occur. This requires a 
special sort of synchronization mechanism to 
allow independent processes to realign when 
necessary. A classic solution to this is the 
Scoreboard concept, illustrated in Figure 6-3. 
In essence, this is an overall system register 
with independent status bits assigned to specif- 
ic functional units and data registers. The idea 
is anold one, but has recently resurfaced since 
modern RISC designers have begun resurrect- 
ing highly parallel CISC architectured artifacts. 


CELL VERSION 1: 


CELL VERSION 2: 


REQUEST 3 


REQUEST 2 


REQUEST 1 


REQUEST 6 


REQUEST 5 


REQUEST 4 


REQUEST 9 


REQUEST 8 


REQUEST 7 
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The concept is valid for a computer system 
where resources are all viewed as independent 
processors. 


Basically, one bit in the Scoreboard is assigned 
to each distinct functional unit or independent 
data register. When arequest (from anywhere) 
arrives for that unit, itis assigned unless the unit 
is busy. This locks out future assignment until 
that resource is released. For an elementary 
Scoreboard, the basic requirement is indepen- 
dent registers cells (i.e., must be able to re- 
quest, assign and release each one, essentially 
asynchronously). Figure 6-5 shows an imple- 
mentation of a 9-element Scoreboard. This 
requires 27 inputs and 9 outputs (using cell 


REQUEST N 


ALLOCATE N 


REQUEST N 


SYSTEM CLOCK 


CELL 2 


Figure 6-3. System Scoreboard 
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version 1) and leaves 5 bi-directional lines, 7 
outputs and most of the foldback NANDs. A 
global reset may be added by logically ORing 
each release signal with a global reset through 
the NAND function tied to each flip-flop. This 
design uses the 8 D flip—flops and one S-R flip— 
flop per status sentinel. This leaves 7 flip-flops 
to implement additional functions as well. 


Input pins can be freed up if an external clock 
is assigned to all of the allocate signals and 
each requestis gated with the flip—flops current 
status (cell version 2). The rendition using cell 
version 2 still permits independent release of 
each cell. 


N ASSIGNED 


RELEASE N 
GLOBAL CLEAR 


N ASSIGNED 


RELEASE N 
GLOBAL CLEAR 


1 ASSIGNED 
2 ASSIGNED 


3 ASSIGNED 


4 ASSIGNED 
5 ASSIGNED 


6 ASSIGNED 


7 ASSIGNED 
8 ASSIGNED 


9 ASSIGNED 
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Synchronous Receiver/ 


Transmitter 

This system building block is an elementary 
synchronous receiver and transmitter. This ex- 
ample will illustrate multiple independent state 
machine designs as well as some standard de- 
sign techniques to utilize every available func- 
tion component out of the PLHS502. Figure 
6—4 shows the elementary structure of the syn- 
chronous serial communication device. Basi- 
cally, it is two independent machines where 
each half is comprised of a counter and shifter. 
Figure 6—5 depicts the highevel schematic of 
Figure 6-4. The transmitter must load a byte in 
parallel and ship the contents out serially. The 
receiver must receive serial data and indicate 
the presence of a correctly framed byte. From 
partitioning considerations, the counters will be 
be generated from the internal S-R flip—flops. 
The shifters can be made from the internal D 
flipflops but the requirement is for at least 16 
D flipflops — which means at least 8 must be 
constructed from NANDs. Intuitively, it would 
be best to exploit the free NAND on the hard 
macro D flip-flops to construct a simple MUX 
for each D-cell as shown in Figure 6-6a. This 
would use 16 NANDs. Then, the receive regis- 
ter could be constructed from an octal cascade 
of flip—flops constructed from six NANDs each 
(Figure 6—6b). This would use 48 NAND gates 
and expend the rest of foldback array. This 
would create a problem to complete the design 


of the byte counters because they each require 
four gates to construct the drive terms for the S— 
R flip-flops. An old gate array trick is very ap- 
propriate here. Figure 6—6c shows a 2—input 
multiplexor driving a 6—gate D flip-flop. By log- 
ical merging and exploiting the width and nest- 
ing depth of PML, one can get the entire 
function realized by the final cell version of Fig- 
ure 6—-6d, which takes only seven gates to do 
the entire cell. Hence, making the transmitter 
from 56 NANDs (8 copies of the 7-gate cell) 
gives 8 left over foldback NANDs for the gener- 
ation of two 3-bit counters. It should be noted 
that this is a faster solution because the D sig- 
nal passes through as many gates as without 
the multiplexor. Two levels of time delay are 
achieved instantaneously, as shown in Figure 
6-6, T1 = T3 which is less than T2. The receive 
register is simply constructed from the hard 
macro D flip-flops in direct cascade. This 
leaves many remaining input and output pins 
which can be used elsewhere (i.e., fast I/O de- 
code and such) for other system needs. One 
obvious addition would be toimplement decode 
of specific characters from the receive buffer 
using the many remaining output pins. 


Figure 6-7 shows the schematic of one of the 
3-bit counter modules which permit byte fram- 
ing in the receiver and transmitter. Figure 6-8 
through 6-10 detail the exact schematics 


PARALLEL DATA OUT 


PPT PT tt 


PARALLEL DATA IN 


used to complete the receiver/transmitter 
(“RECTRAN”) design. 

Figure 6-11 shows the SNAP simulation of the 
7-gate composite cell alternately loading and 
shifting. In Figure 6-11, the text shown at the 
top is the Simulation Control File which consti- 
tutes the stimuli vectors for the simulation. The 
waveform below depicts the stimuli and corre- 
sponding response vectors. Incidentally, the 
two remaining S-R flip-flops can be used for 
anything, but one can signal a data available 
condition to the outside world for the receiver 
and the other can indicate Busy or Done for the 
transmitter to reflect some status to the outside 
world. 


A complete series of simulation is presented in 
Figures 6-12 through 6-15. The simulation 
control file depicted in Figure 6-16 performs the 
operations whose result waveforms are shown 
in Figures 6-13 through 6-15. Figure 6-17 
shows the SNAP macro netlist which binds the 
smaller pieces of the overall design together. 
Figure 6—18 provides the netlist which consti- 
tutes the receiver piece of RECT RAN while Fig- 
ure 6-19 gives the same for the transmitter. 
Expanding the hierarchy, Figure 6—20 displays 
the exact netlist for the “flopcell” and Figure 
6-21 shows how the netlist for one of the three 
bit counters appears. The entire RECTRAN de- 
sign was captured schematically using OrCAD/ 
SDT. 


SERIAL DATA IN 


RECEIVE CLOCK 


TRANSMIT CLOCK 


SERIAL DATA OUT 


Figure 6-4. Synchronous Receiver/Transmitter — RECTRAN 
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Figure 6-5. High Level RECTRAN Schematic 
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Figure 6-6. Custom Flip-Flop Metamorphosis 
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Figure 6-7. 3—Bit Counter Schematic 


Figure 6-8. Final Merged D Flip-Flop Schematic 
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Figure 6-9. Transmitter Schematic 
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Figure 6-10. Receiver Schematic 
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Simulation Control File for Flopcell 

Strategy 1. Reset issued initially 
Define a repetitive clock @ 10MHz 
Load a logical one 
Switch mode to shift, and shift in a logical zero 
Load a logical zero 
Switch mode to shift, and shift in a logical one 
Issue another reset 


+ + ££ + & HF H 


1(20,40,450, 470) reset 

0(50,100,etc.) clock 

0(45,70,245,270) lod shf 

0 (45,90) datin 

0(345,370)q prev 

reset, clock, lod shift,datin,q prev,q 
U Time=500 


S 
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S 
S 
S 
P 
S 
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Figure 6—11. SNAP Simulation of the Merged Flip-Flop 
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DELAY = Ons MARKER = Ons SEC/DIV=100ne 


100 300 500 700 900 1100 
F1: HELP, F9: MENU, F10: EXIT 


DELAY = Ons MARKER = Ons SEC/DIV=100ns 


Figure 6-12. RECTRAN.SCL Waveforms 
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Figure 6-13. Partial RECTRAN.RES File 


August 1989 682 


Signetics Programmable Logic Devices 


PLHS502 Application Notes 
Vol. 1 


MARKER = Ons SEC/DIV=100ns 
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Figure 6-14. Additional RECTRAN.RES File 
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Figure 6-15. Final RECTRAN.RES File 


1(20,40,1000)RESETR 
0(50,100,ETC)CLKR 
0(100,150, 300, 350,500,550, 700, 750) SDIN 
1(20,40,1000) resetT 
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# ,pdin?7,pdin8,qprev, sdout, SDIN, RESETR, CLKR, PDOUTI, 
# PDOUT2,PDOUT3, PDOUT4, PDOUTS, PDOUT6, PDOUT7, PDOUTS8, 
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Figure 6-16. RECTRAN.SCL Text 
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KKK KKK KK KEK KK KKK KKK KKK KKK KKK KEK KKK KKK KKK KKK KEKE KEK KKK KKK KKK KKK KKK 


* Output of Netgene Version 1.0 s 
* Dates 3/ 3/1989 Time: 18:36:25 * 
KKK KKK KK KK KKK KK KKK KK KKK KK KKK KK KK KK KKK KOK KR KO KKK KO KO KK KKK KK Or 
* Input File Name >: RECTRAN. EDF . 
* Netlist File : RECTRAN.MAC % 


KKK KKK KK KKK KKK KKK KKK KK KR KK Ok KK KO ROKK KK KKK KK KKK KK 


* 


MACRO 


RECTRAN SCH I(CLKR,CLKT,CLR, LODSHF, PDIN1,PDIN2,PDIN3,PDIN4, 
PDINS, PDIN6, PDIN7, PDIN8, OQPREV, RESETR, RESETT, SDIN) O(PDOUTI, 
PDOUT2, PDOUT3, PDOUT4, PDOUTS5, PDOUT6, PDOUT7, PDOUT8, Q1, 02, 
Q3,04,05,Q6, SDOUT) 


CELL REC _0 0 REC I(CLKR,RESETR,SDIN) O(PDOUT1,PDOUT2,PDOUT3, 
# PDOUT4,PDOUTS, PDOUT6, PDOUT?7, PDOUTS8) 

BLKO1 TRANS I(CLKT, LODSHF,PDIN1,PDIN2,PDIN3,PDIN4,PDINS, 

# PDIN6,PDIN7,PDIN8, QPREV,RESETT) O(SDOUT) 

BLKO2 COUNTER3 I(CLKR,CLR) 0O(Q1,02,03) 

BLKO3 COUTNER3 I(CLKT,CLR) 0O(04,Q5,Q6) 


* 


MEND 


* 


Figure 6-17. High-Level RECTRAN Macro File 


KKK KKK KK KK KKK KKK KKK KKK KKK KR KKK KEK KEKE KKK KKK KKK KK KKK 


* Output of Netgene Version 1.0 * 
* Date: S/ 2/1989 Time: 13:35:45 * 
KK KKK KK KK kk Kk OK KKK KK KKK KKK KK KKK KK KKK KK KKK KK KKK 
* Input File Name : REC .EDF ® 
* Netlist File : REC .MAC * 


KKK KK KKK KKK KK RK KKK KK KK KKK KK KR KKK KKK KK KK KKK KK 
* 

MACRO 

* 

Z REC SCH I(CLOCKR,RESETR,SDOUTR) O(PDOUT1,PDOUT2, PDOUT3, 
# PDOUT4,PDOUTS, PDOUT6, PDOUT?7, PDOUTS8) 

* 

Ul DFFR I(SDOUTR,CLOCKR,RESETR) O(PDOUT1,DMO1) 
U2 DFFR I(PDOUT1,CLOCKR,RESETR) O(PDOUT2,DMO2) 
U3 DFFR I(PDOUT2,CLOCKR,RESETR) O(PDOUT3,DMO3) 
U4 DFFR I(PDOUT3,CLOCKR, RESETR) O(PDOUT4, DMO4) 
U5 DFFR I(PDOUT?7,CLOCKR,RESETR) O(PDOUT8,DMO5) 
U6 DFFR I (PDOUT6,CLOCKR, RESETR) O(PDOUT7, DMO6) 
U7 DFFR I (PDOUTS5,CLOCKR,RESETR) O(PDOUT6,DMO7) 
U8 DFFR I(PDOUT4,CLOCKR,RESETR) O(PDOUTS, DMO8) 


* 


MEND 


* 


Figure 6-18. Receiver Macro File 
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RAK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KK 
se Output of Netgene Version 1.0 + 
x Date: 1/ 5/1989 Time; 13:<37:13 * 
eS ec eee cece eee eee eee ee ee ee ee a ee ee oe oe oe a 
~ a 
x Input File Name ; TRANS . EDF * 
x Netlist File : TRANS .MAC x 


* * 
KKK KKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKK HK 


* 
MACRO 

* 

Z TRANS SCH I (CLOCK, LODSHF, PDIN1, PDIN2,PDIN3, PDIN4,PDINS, 

# PDIN6, PDIN7, PDIN8, QPREV, RESET) O(SDOUT) 

* 

Ul IN I(LODSHF) O(SNO1) 

U2 NIN I(LODSHF) O(SNO9) 

BLKO1 FLOPCELL I (CLOCK, PDIN1,SN01,QPREV, RESET,SN09) O(SNO2, 

# DMO1) 

BLKO2 FLOPCELL I (CLOCK, PDIN2,SN01,SN02,RESET,SN09) O(SNO3, 

# DMO2) 

BLK03 FLOPCELL I (CLOCK, PDIN3,SN01,SN03,RESET,SN09) O(SN04, 

# DMO3) 

BLK04 FLOPCELL I (CLOCK, PDIN4,SN01,SN04,RESET,SNO9) O(SNO5, 

# DMO4) 

BLKOS FLOPCELL I (CLOCK, PDIN8,SN01,SN08,RESET,SN09) O(SDOUT, 

# DMO5) 

BLKO6 FLOPCELL I (CLOCK, PDIN7,SN01,SN07,RESET,SN09) O(SNO8, 

# DM06) 

BLKO7 FLOPCELL I (CLOCK, PDIN6,SN01,SN06,RESET,SN09) O(SNO7, 

# DMO7) 

BLKO8 FLOPCELL I (CLOCK, PDIN5,SN01,SN05,RESET,SN09) O(SNO06, 

# DMO8) 


* 


MEND 
* 


Figure 6-19. Transmitter Macro File 


August 1989 686 


Signetics Programmable Logic Devices 


PLHS502 Application Notes 
Vol. 1 


KK KKK KK KK KK KK KK KK KK KKK KK KOK KKK KK KK KK 
Output of Netgene Version 1.0 " 


x Date: 1/ 5/1989 Time: 13:34:36 * 


KKK KKE KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KAKA KKK KK 
* * 


x Input File Name ; FLOPCELL.EDF * 
x Netlist File : FLOPCELL.MAC * 
* x 
KK KK KK KK OK OK OK KOK KK OK KK KK kK kK 


* 


MACRO 
- 


Z FLOPCELL SCH I (CLOCK, DATIN, LOAD, QPREV, RESET,SHIFT) O(Q, 


# QN) 

* 

Ul NA3 I(SN05,SN01,SN03) O(SNO02) 

U2 NA3 I(SN02,RESET,CLOCK) O(SNO03) 

U3 NA4 I(SN03,CLOCK,SN05,SN01) O(SN04) 
NA4 I(RESET,SN04,LOAD,DATIN) O(SNO5) 
NA4 I(RESET,SNO04,SHIFT,QPREV) O(SNO1) 
NA2 I(SN03,QN) O(Q) 

NA3 I(Q,RESET, SN04) O(QN) 


Figure 6-20. Flopcell Macro File 
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KOK KK KKK KK OK KK KK KK KK KKK KKK KKK KKK KK 
es Output of Netgene Version 1.0 * 
* Date: 1/ 5/1989 Time: 13:42:14 * 
Cece ee ee eee eee eee eee eee ee ee ee ee ee ee ee oe 
a x 
x Input File Name : COUNTER3 . EDF x 
x Netlist File : COUNTER3 .MAC ie 


* * 
KEKE KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKAKKK KK 


* 


MACRO 
* 


Z COUNTER3 SCH I(CLOCK,CLR) 0(Q1,92,Q3) 

* 

Ul NA3 I(SN03,Q2,Q3) O(SNO1) 

U2 NA3 1(Q1,02,Q3) O(SN04) 

U3 NA2 I(SN09,Q3) O(SNO6) 

U4 NA2 1I(Q2,Q3) O(SN10) 

U5 INV I(SNO1) O(SNO2) 

U6 INV I(SNO4) O(SNOS) 

U7 INV I(SNO6) O(SNO7) 

U8 INV I(SN10) O(SNO8) 

U9 INV 1(Q3) O(SN11) 

U10 INV I(SN12) O(SN13) 

U1ll SRFF I(SNO2,SNO5,CLOCK,CLR) 0(Q1,SN03) 
U12 SRFF I(SN07,SN08,CLOCK,CLR) 0(Q2,SNO9) 
U13 SRFF I(SN11,SN13,CLOCK,CLR) 0(Q3,SN12) 


* 


MEND 


* 


Figure 6-21. 3—Bit Counter Macro File 
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ADVANCED FLIP-FLOP MERGING 
Folding logic functions directly into the 
workings of a flip-flop has a unique pay— 
off with PML. (As illustrated in Sections 4 
and 6). Since the basic approach may be 
extended to other flip-flop structures, this 
technique may be used more “generally”. 
The figures provided in this section illus- 
trate examples of simple and complicated 
structures. 


Consider the D-latch in Figure 7-1: 


Figure 7-1. D—Latch 


ENABLE 
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If the data input point is driven from a two— 
level logic function as shown in Figure 
7-2(a), the gate count is six with one in- 
verter. The input signals pass through two 
logic layers before entering the latch, then 
through two more to reach the Q output. 


From Figure 7—2(a), note that the data in- 
put to gate G4 is driven High from the G3 
output when either G1 or G2 (or both) is 
driven Low. Also, note that when Data is 
High, and Enable is High, the output of G4 
will be Low. Under these conditions, the 
outputs of G1 or G2 are driven in a direc- 
tion similar to the output of G3 and G4. By 
eliminating G3 and G4 and substituting 
G1 and G2 where G4 was, some gate and 
speed saving Is gained as shown in Fig- 
ure 7—2(b). Note that the Enable signal 
has to be reinserted carefully. This permits 
a faster, cheaper, and more efficient 
merged latch. This is the simplest struc- 
ture and the reader is encouraged to prove 


ENABLE 


Figure 7-2. D—Latch with Driving Logic 
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the operation by simulation or construc- 

tion. The general approach is a simple 

expansion of these steps. 

1. Isolate the positive asserted flip—flop 
input. 


2. Isolate the two4tevel AND/OR driving 
function. 


3. Eliminate the NAND gate in step 1 
but preserve inputs and outputs. 


4. Eliminate the second—level NAND 
from step 2, but preserve inputs in 
the step 2 AND/OR structure. 


5. Place the corresponding intermediate 
outputs to replace the eliminated flip— 
flop input gates output. 


6. Place any inputs which fed the flip— 
flop input gate onto the new input 
points from step 5 (i.e., the input 
points of the step 2 AND/OR struc- 
ture). 
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Let's illustrate the procedure by applying it toa 
more complicated flip—flop — the dreaded J—K! 
Figure 7-3 depicts a J—K with a two-level logic 
function tied to J and a different function tied 
to K. J gets the sum of three product terms and 
K gets the sum of two. 


Figure 7-3. J-K with Gating 


Because the inputs to gates A, B, C, D, E will 
be maintained, we don't care what they are. 
From the recipe: 


Step 1. Isolate the positive asserted flip-flop 
input. 
For J this is gate G2. 


For K this is gate G3. 


Isolate the two4evel AND/OR driv- 
ing function. 
(see function 1 and 2) 


Step 2. 


Step 3. Eliminate the NAND inputs in step 1 
but preserve inputs and outputs. 


(Figure 7—4(a)) 


Eliminate the second-level NAND 
from step 2. 
(Figure 7—4(a)) 


Step 4. 


FUNCTION 1 


FUNCTION 2 


Itis hoped that the reader can, in general, avoid 
the use of the J — K structures built from gates 
as shown due to their inefficiency of gate 
usage. There is also a potential timing liability 


August 1989 


i! 
te 
=) 


7 
Dept. 
mnie 


Figure 7-4(a). A Merged J-K Flip—Flop 


in that the clock path G1 to GA is faster than the 
data input paths and creates a possible race. 
However, this example serves to illustrate that 
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a merging process can be applied systemati- 
cally, with success, to even relatively compli- 
cated structures. 
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Today’s engineer is constantly striving to 
consolidate higher complexity and more 
feature—intensive circuits into designs 
without sacrificing flexibility. In a competi- 
tive marketplace, designs need to be 
brought to market quickly. The Signetics 
solution is to provide high-performance 
Programmable Logic Devices (PLDs) that 
can be quickly and easily integrated into 
system designs. 


In using this manual, some familiarity with 
PLDs is helpful. In addition, we recom- 
mend the recently published text books, 
Programmable Logic Devices, by Geoff 
Bostock (McGraw-Hill, copyright 1988), 
and Programmable Designer’s Guide by 
Roger Alford (Howard W. Sams & Co., 
copyright 1989). 


This document provides complete, 
straightforward application examples. 
The first three sections describe Signetics 
PLDs. Sections four through eight provide 
application examples. Most applications 
are accompanied by one or two pages of 
text. Some also include a circuit or block 
diagram and an AMAZE design file listing 
to implement that application. To save 
time, the files are available on diskette or 
by accessing the Signetics toll-free bulle- 
tin board: (800) 451-6644. 
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AMAZE SOFTWARE 

Design, simulation and device—program- 
ming support for all Signetics PLD families 
is provided by Signetics AMAZE PLD 
design software. AMAZE, which supports 
many of Signetics programmable prod- 
ucts, includes Boolean logic and direct 
state—equation entry. Functional and AC 
timing simulation models and an auto- 
matic test vector generator are included in 
the AMAZE PLD design package. The 
software runs with MS—DOS 2.0 or newer 
operating systems and is available free of 
charge to qualified users. Schematic cap- 
ture capability is available in conjunction 
with Data I/O’s FutureNet Dash System 
and the OrCad Systems Corporation 
OrCAD/SDT™ schematic capture soft- 
ware packages. 


The Signetics families of PLDs are also 
supported by Data I/O®’s design software 
package, ABEL™, and the P—CAD and 
CUPL™ design software. 


Automatic Map and Zap Equation Entry 
(AMAZE) software designed by Signetics 
will interface with most commercial pro- 
grammers. 


AMAZE consists of five modules: 


e BLAST (Boolean Logic and State 
Transfer entry program) 


e PTE (Program Table Editor) 
e PTP (PAL to PLD conversion program) 


e DPI (Device Programmer Interface 
program) 


e PLD SIM (PLD Simulator program) 


The software modules allow expansion 
for future requirements. They are user 
friendly with both HELP and ERROR mes- 
sages. Simulator programs provide appli- 
cations assistance and automatic test 
vector generation. 


Equipment requirements, products sup- 
ported and details of product modules are 
contained in the AMAZE design software 
manual. 


AMAZE is available at no charge by 
request to the Signetics factory. 


Additional design support is usually avail- 
able with the commercially available pack- 
ages ABEL, CUPL PLDesigner, LOG/iC, 
etc. Programming support is always 
available through DATA I/O, STAG Micro- 
systems, and several other programmers. 


PRODUCT SECTION 
INTRODUCTION 

Signetics manufactures a wide range of 
PLDs and Programmable Logic Sequenc- 
ers. In the area of PLDs, there are two 
basic architectures: Programmable Logic 
Arrays (PLAs) and Programmable Array 
Logic (PAL®). 

The PLA architecture consists of two 
interconnectable arrays with program- 
mable connections between the input pins 
and a group of AND gates. Another pro- 
grammable array exists between the AND 
gate outputs and the inputs to a group of 
OR-gates. Complete freedom of intercon- 
nection is possible with this arrangement. 


PAL-type devices, on the other hand, 
provide programmable interconnection 
between the input pins and the AND 
gates, but the outputs of the AND gates 
are tied to specific OR gates, then finally 
routed to output pins. By eliminating the 
programmability between the AND-OR 
area, Some speed savings are achieved at 
the expense of interconnect freedom. 


Signetics Programmable Logic Sequenc- 
ers combine the versatility of the PLA with 
flip-flops to achieve powerful state ma- 
chines in a variety of user configurations. 


This section is designed to familiarize 
design engineers with the Signetics lines 
of PLAs, PALs, and Sequencers available, 
and acquaint them with their general ca- 
pabilities and features. Each architecture 
is briefly showcased in an initial rendering 
with a short capsule description of the 
part. The serious reader should consult 
the data sheet sections of this PLD Data 
Handbook for full electrical details on any 
part. 
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PLA DEVICES 

Signetics PLAs are particularly useful in 
the design of wide address decoders and 
random logic replacement. The primary 
advantage Signetics brings to these appli- 
cations with their PLA devices is product 
term sharing, which is made possible via 
the two programmable arrays. The famil- 
iar PAL architecture supports a program- 
mable AND array, followed by a fixed OR 
array. Better than 90% of the PAL devices 
that are available today are limited to 7 
input wide gates. When pursuing a solu- 
tion to a complex address decoding 
scheme, this restriction is prohibitive. The 
Signetics PLA devices support 100% of all 
product terms. Once a term is created, it 
can be shared with any or all of the output 
functions. No duplication of resources is 
incurred. The popular PLXX153 family 
support 32-input wide OR gates which 
are ideal for memory I/O decoders. The 
addition of programmable output polarity 
also enhances design efficiency and logic 
minimization. 


The 2 programmable array concept domi- 
nates the Signetics PLD product line. With 
the exception of the PAL-type devices 
which have been geared for ulitmate per- 
formance, all Signetics PLDs have been 
architected with efficient and flexible PLA 
structures. With the largest breadth pro- 
grammable product line in the industry, 
Signetics believes the designer can truly 
fill his requirements from the several prod- 
uct lines—PLA, PAL, and PLS. PLA 
device descriptions follow. 


Signetics PLUS153D 

Figure 1-1 depicts the Signetics 
PLUS153D. This bipolar PLA is pin and 
functionally equivalent to all other 
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Signetics 153 type PLAs (i.e., the 
PLS153, PLC153, PLHS153), but re- 
quires no more than 12 nanoseconds to 
generate a stable output. 


The PLUS153D has eight dedicated 
inputs and 10 bidirectional pins. The bi- 
directional pins may be adapted to suit the 
user’s specific needs. 20-pin DIP or 
PLCC packages are available. 


The output structure of the PLUS153D 
includes programmable polarity controlon 
each output. Either active HIGH (non- 
inverting) or active LOW (inverting) out- 
puts are configurable via the EX-OR gate 
associated with each I/O. Individual 
3—State control of the I/O is also supported 
with the ten direction control AND terms 
(D1-D9). 


Other benefits to the PLUS153D include 
full pin compatibility with most 20-pin 
combinational PAL® parts. The natural 
product term sharing capabilities of the 
PLA architecture yield complete freedom 
of configuration should the engineer im- 
plement a particularly creative decode 
configuration. 


Signetics PLUS173D 

Figure 1-2 depicts the Signetics 
PLUS173D. This bipolar PLA is function- 
ally equivalent to the Signetics PLS173. 
The 24—pin PLUS173 has four more input 
pins than the PLUS153. The user may 
adapt the bidirectional pins to suit particu- 
lar decoding needs, but the propagation 
delay time is still no more than 12 nano- 
seconds from stabilized input to stable 
output. 


By having more inputs than the 153 part, 
the 173can either resolve more input lines 
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or generate more outputs functions for the 
same number of inputs. Distinct 3-State 
control over each output may be useful for 
controlling chip enables where contention 
(i.e., multiple access) may exist. 


For speed and input width, the PLUS173D 
is probably the best single PLA available 
today for both memory and I/O decoding. 
Combining the 12 nanosecond tpp with the 
distinguishable range of 12 to 21 inputs, 
the designer can easily decode say 16 
input addresses as well as read/write 
qualifiers or encoded status signals. Out- 
put polarity control (active—High or active— 
Low) is achieved by programming the 
Exclusive—OR gate associated with each 
output. 


The flexibility achieved with a PLA struc- 
ture can be quickly appreciated by the 
designer who has experienced the frustra- 
tion of the dedicated “OR” structures in 
PAL ICs. Currently, the only time penalty 
for the freedom granted by a PLA is afew 
nanoseconds! 


The PLHS473 

The PLHS473 devices are 24—pin PLAs. 
Each has 24 productterms, 11 inputs, 9 bi- 
directional pins and 2 dedicated outputs. 
Each output and bidirectional pin is inde- 
pendently tri-stateable from the OR array. 


Unlike the traditional PLA, the 3—State 
control ofthe 473 devices Is accomplished 
with an OR function. This feature supports 
more complex (sum of products) logical 
control of the outputs. Output polarity is 
programmable (active—High or Low) via 
the 11 EX—OR gates that precede the out- 
put pins. 


The PLHS473 is TTL compatible, with a 
worst-case propagation of 22ns. 
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Figure 1-1. Signetics PLUS153D 
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Figure 1-2. Signetics PLUS173D 
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Figure 1-3. PLHS473 Architecture 
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PAL®-TYPE DEVICES 

Signetics provides state-of-the-art indus- 
try standard PAL devices, both bipolar and 
CMOS. The range of offers spans the en- 
tire gamut of performance options; zero— 
standby power generic devices specified 
over the commercial, industrial and mili- 
tary temperature ranges, or the ultimate in 
high speed, an ECL compatible 20EV8 
device. Almost every option in between is 
also offered. 


The PAL architecture consists of a pro- 
grammable AND array, followed by a fixed 
OR array. The somewhat rigid architec- 
ture lends itself to less complex, narrower 
logic functions. There are three basic 
PAL-type device configurations. The 
XXL8 devices are strictly combinatorial. 
The XXRX series offers a range of 
registered and combinatorial outputs. 
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The XXV8 series is considered to be ge- 
neric in nature, in that the output macros 
are variable (hence the “V”) as combinato- 
rial or registered. Most frequent applica- 
tions include counters and shifters (the RX 
series), and small decoders and multi- 
plexers (the L8 series). 


Industry standard software can be used 
with Signetics PAL-type devices. Full 
support is also provided via the Signetics 
AMAZE Design software. 


The Signetics PAL-type device descrip- 
tions follow. The line is being expanded 
continuously. If you don’t find the device 
you need for your circuit, please contact 
Signetics toll-free at (800)227-1817, 
Extension 900. 
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Signetics PLHS18P8B 

Figure 2-1 depicts the Signetics 
PLHS18P8B which is a bipolar, PAL-type 
device. The propagation delay time will be 
15 nanoseconds maximum from stable 
inputs to stable outputs. The part has 10 
inputs, eight bidirectional pins, and 72 
product terms. Due to the programmable 
output polarity, the PLHS18P8B can func- 
tionally replace 13 other standard PAL de- 
vices. Being pin compatible to all 20—pin 
combinational PALs increases the parts’ 
versatility considerably. The PLHS18P8B 
can sink Ig, = 24mA (max). 

Output polarity control for this PAL—-type 
part is achieved identically to the proce- 
dure for the PLUS153D and PLUS173D. 
The PLHS18P8B is ideal for address and 
VO decode for moderately fast micro- 
processors from both a speed and current 
drive capability. 
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Figure 2-1. Signetics PLHS18P8B 
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The PLUS16L8D and -7 
The PLUS16L8D and-—7 PAL-type devices are atid 
functionally identical to other commercially 
available 16L8 PAL ICs. Figure 2-2 shows an 
extremely simplified version. Less flexible than 
a PLA, the PLUS16L8D/~7 provides raw speed 
and current drive so important for driving SRAM 
arrays on RISC processors or the control/data 
lines on rapid bus structures. The PLUS16L8D 
has a worst-case propagation delay of 10ns. 
The worst-case Tpp of the —7 is 7.5ns. 24mA 
output drive is guaranteed. 


The PLUS16L8D/—7 have seven product terms 
per OR function and one per 3-State control. 
Six of the eight outputs can be configured as 
inputs or outputs. The PLUS16L8D/-7 are 
available in 20—pin plastic DIL or 20—pin PLCC 
packages. 


Figure 2-2. PLUS16L8 (D and —7) 
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The PLUS16R8D and —7 

The PLUS16R8D and -7, like the PLUS16L8D 
and -7 is identical to other manufacturers’ reg- 
istered PAL devices. The parts have eight 
inputs, eight outputs, and eight D-flip-flops. 
Each flip-flop feeds an output pin through a 
3—State buffer. The output of each D-flip-flop, 
Q, is also fed back to the AND array. Each out- 
put is capable of driving 24mA Io, max, with all 
ouputs simultaneously asserted. 


PLUS 16R8D 


The PLUS16R8D has a worst-case propaga- 
tion delay of 10ns. The worst-case tpp of the—7 
is 7.5ns. The PLUS16R8D and -7 are available 
in 20-pin plastic DIP and 20—pin PLCC. 


Figure 2-3. PLUS16R8 (D and -7) 
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The PLUS20L8D and -7 

The PLUS20L8D and —7 devices have 14 
inputs, two dedicated outputs and six bidirec- 
tionals. The tpp are 10ns max and 7.5ns max, 
respectively. The 24mA of output low current of 
these devices can drive capacitive address line 
inputs and pc—board traces through long 
layouts. This makes the particularly suitable for 
driving SRAM, video DRAM, and FAST dy- 
namic RAM arrays in 32-bit microprocessor 
environments. 


PLUS20L8D 


Identical to other commercially available 20L8 
PAL devices, the PLUS20L8D and —7 have 56 
functional product terms which are hard-wired 
to eight OR gates. Each OR gate drives an 
Active—Low output. The tri-state control of 
each output is from a dedicated AND product 
term. 


The worst-case propagation delays for the 
PLUS20L8D and 20L8~7 are 10ns and 7.5ns, 
respectively. 


Figure 2-4. PLUS20L8 (D and —7) 
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Figure 2-5. PLUS20R8 (D and —7) 


The PLUS20R8D and —7 

The PLUS20R8D and —7 are 24-pin versions 
of the 16R8 PAL device. With propagation 
delays of 10ns and 7.5ns max, the parts deliver 
24mA of output low current drive. Eight D-flip- 
flops share a common clock and output enable 
line. The output of each flip-flop is dedicated to 
a separate output pin and is also fed back to the 
AND array. 


The PLUS20R8D and -7 are available in 
24—-pin plastic DIL and 28-pin PLCC. 
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The PLC18V8Z 

The PLC18V8Z is a multi-function, generic 
PAL—type device. It is pin—compatible with, and 
can replace 22 different 20—pin registered and 
combinatorial PAL devices. To accomplish this, 
the conventional ‘single function’ output pin has 
been replaced by a configurable Output Macro 
Cell. Each Macro Cell contains a D-flip-flop or 
a combinatorial |/O path. Output polarity and 
tri-state control functions are also individually 
configurable. Each OMC is fed by nine AND 
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product terms, which are hard-wired in the 
classic PAL fashion. 


One of the key features of the part is its ability 
to sink 24 milliamps lo_, compatible with other 
bipolar PAL devices—yet still comply with inter- 
nal CMOS circuitry. The UV erasable version is 
available in 20-pin ceramic DIL with a quartz 
window. 
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Figure 2-6. PLC18V8Z Architecture 
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Introduction 

Ten years ago, in their search for a 
straightforward solution to complex se- 
quential problems, Signetics originated 
Programmable Logic Sequencers. 
Signetics Programmable Sequencers 
represent a product line which combines 
the versatility of two programmable arrays 
(PLA concept) with flip-flops, to achieve 
powerful state machine architectures. 


Each arrangement or “architecture” offers 
a variation of the basic concept which 
combines two programmable logic arrays 
with some flip-flops, in an undedicated 
fashion. The PLA product terms are not 
specifically dedicated to any particular 
flip-flop. All, none, or any mix in between 
may be connected to any flip-flop the 
designer chooses. The PLA structure 
therefore supports 100% product term— 
sharing as well as very wide OR functions 
preceding the flip-flops. 


Signetics line of Programmable Logic 
Sequencers has been further customized 
to accommodate specific types of state 
machine designs. Some have both regis- 
tered and combinatorial outputs, specifi- 
cally for synchronous and asynchronous 
Moore-type state machines. Others have 
state or buried registers, as well as output 
registers. These devices (PLUS105, 
PLC42VA12 and PLUS405) are ideal for 
synchronous Mealy-type applications. 
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J—K and S-R register functions are anoth- 
er benefit. The logic functions provided by 
these types of registers far exceed the 
capability of a D-type register. The func- 
tionality of the J—-K allows the designer to 
optimize the logic used in generating state 
transitions. Ninety percent of PAL devices 
have D-type registers. All the sequencers 
are equipped with three state options for 
bussing operations, JK or SR flip-flops 
and some form of register Preset/Reset 
functions. 


Finally, all PLS devices have a Transition 
Complement Array. This asynchronous 
feedback path, from the OR array to the 
AND array, generates “complement” tran- 
sition functions using a single term. Virtu- 
ally hidden in between the AND array and 
the OR array is the Complement Array. 
This single NOR gate is not necessarily 
“an array,” however the inputs and outputs 
of this complement gate span the entire 
AND array. The input(s) to the Comple- 
ment Array can be any of the product 
terms from the AND array. The output of 
the Complement Array willbe the ‘comple- 
ment’ of the product term input. If several 
product terms are connected to the Com- 
plement Array, their respective comple- 
ments can also be generated. The output 
of the Complement Array is fed back to the 
AND array, whereby it can be logically 
gated through another AND gate and 
finally propagated to the OR array. The 
significance being that the complement 


703 


state of several product terms can be 
generated using one additional AND prod- 
uct term. For example, if an efficient 
method of sensing that no inputs were as- 
serted was needed, the designer could 
connect the output of appropriate AND 
gates to the complement NOR gate. The 
output of the NOR gate could then be used 
to condition and then setor reset a flip-flop 
accordingly. As well, he could detect a par- 
ticular state variable combination and 
force a transition to a new state, indepen- 
dent of the inputs. Or he could combine 
input signals and state (AND) terms to 
generate a new composite term. In any of 
these applications, the Complement Array 
greatly reduces the number of state transi- 
tion terms required. 


In order to present the material in the most 
concise fashion, a brief state equation 
tutorial is presented first. The PLUS105 
description immediately follows. In this 
capsule description, the level of detail is 
expanded, so read it first for basic under- 
standing. Each additional presentation 
will be done with regard to the fundamen- 
tals described for the PLUS105. Figure 
3-3 shows the detailed drawing of the 
PLUS105 in full detail. Figure 3-4 shows a 
compressed rendition of the same dia- 
gram so that the reader can understand 
the diagram notation. The compressed 
shorthand version will be used for the rest 
of the sequencers. 


Signetics Programmable Logic Devices 


Programmable Logic Design 


and Application Notes 


Figure 3-1. Up—Down Counter 
State Diagram 


State Equation Tutorial 

STATE equation entry is a convenient way to 
describe elementary sequential machines in a 
manner which is directly related to a state dia- 
gram of the machine. The basic commands are 
few, but can be combined in a powerful fashion. 
Figure 3-1 shows a 4 state up—down counter for 
a machine with an U(up)/D(down) input line. 
Figure 3-2 shows the state equation syntax to 
implement Figure 3-1. 


The basic meaning can be summarized in the 
following way. Simply, “while in state X” if input 
“Y” occurs, “transverse to state Z”. This is a 
Moore machine model. Mealy may be accom- 
modated by addition of the “with” operation 
which designates an output variable being 
associated as shown below: 


A.) While [CURRENT STATE] 
with [OUTPUT VARIABLE] 

IF [INPUT VARIABLE] 

then [NEXT STATE] 


or 


B.) While [CURRENT STATE] 
IF [INPUT VARIABLE] 
then [NEXT STATE] 

with [OUTPUT VARIABLE] 


If a latched output variable is desired, the addi- 
tion of a prime notion (/) to the right of the output 
variable is required. 


The designer must assign the binary values of 
choice to specific states for a state equation 
function to be implemented. The Signetics 
AMAZE manual details state equation solu- 
tions with more examples, but the advantage of 
state equations is that the designer can be less 
involved with the internal structure of the 
sequencer than required by other methods. 
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[STATE 
IF 
IF 


[STATE 
IF 
if [/D] 


[STATE 2] 
IF [U] 
IF [/D] 


[STATE 3] 
IF [U] 
IF (/D] 


[STATE 
[STATE 


(STATE 
[STATE 


[STATE 
(STATE 


[STATE 
[STATE 2] 


Figure 3-2. STATE EQUATIONS to Implement Up-Down Counter 


The PLUS105 

This part (Figure 3-3) has sixteen logic inputs 
and eight outputs. It also has eight S-R flip- 
flops tied directly to those output pins through 
3-State buffers (common control from pin 19). 
The user may select pin 19 to be an Output 
Enable signal or an asynchronous preset (PR) 
signal which is common to all flip-flops. Em- 
bedded into the device are 48 AND gates. All 
flip-flops are S—R type with an OR gate on both 
S andR. The designer may choose any number 
of product terms andconnect them with any OR 
gate. The product terms can also be shared 
across any OR gate, as needed. Six of the 14 
flip-flops are termed “buried registers” as their 
outputs are fed back to the AND array, regener- 
ating both the Q and /Q state variables. There 
is no direct connection to an output. Both the 
input signals and the state variables Q and /Q 
are fed to the AND array through buffers which 
provided the TRUE (or noninverted) and Com- 
plement (inverted) renditions of the variable. 
This is critical for the efficient use of the AND 
array. The designer has all state and input 
variables necessary to generate any state 
transition signal to set and/or reset commands 
to the flip-flops. Because of this AND/OR ar- 
rangement, combined with complete freedom 
of configuration, all sequential design optimiza- 
tion methods are applicable. 


There are many other feature capabilities 
suitable for creative usage. For example, it is 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the output 
8-bit register as an intermediate, loadable data 
register only. This provides a very good bus 
“pipeline” for the internal 6—bit machine. 
However, other logic options can be accom- 
plished by combining internal state information 
(present state) with current input information, 
generating a next state which is different from 
the current internal state. 
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Figure 3-3. PLUS105 
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Figure 3-4. Compressed Drawing of PLUS105 
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The PLS155, 157, and 159A constitute a three 
part family of 20—pin sequencers that are well 
suited for high speed handshakers, counters, 
shift registers, pattern detectors and sequence 
generators. Additional applications include 
testability enhancement, demonstrated in the 
application examples of signature analysis and 
pseudo random number generation. The three 
devices are very similar in architecture. Allhave 
a total of 12 possible outputs. The difference is 
the ratio of combinational I/O to registered out- 
puts available. 


The PLS155 

The PLS155 is a sequencer providing four J-K 
flip-flops with a PLA having 32 logic product 
terms and 13 control product terms. Eight com- 
binational I/O are available in addition to the 
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four registered outputs. All of the state vari- 
ables and combinational variables are pres- 
ented to the output pins by way of 3-State 
inverting buffers. The combinational and state 
variable outputs are fully connected (fed back) 
back to the AND array in both the True and 
Complemented form of the variable. The prod- 
uct includes a special feature that allows the 
user to configure the flip-flops as either J—K or 
D flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit “back loading” of 
data into the flip-flops, directly from the output 
pins. The partcan now be easily forced into any 
known State by enabling La, Lb, applying data 
at the outputs (previously “3—Stated”), and 
applying a clock pulse. Register Preset and 


(CONTROL TERMS) 


Figure 3-5. PLS155 Architecture 
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Reset functions are controlled in 2 banks of 2 
registers each. Note that control product terms 
are from the OR array. 


The outputs of all variables are 3-State con- 
trolled by a unique partition. Pin 11 provides an 
Output Enable input (OE) which can be 
asserted with the EA and EB control product 
terms. EA controls the flip-flops FO and F1, and 
EB controls F2 and F3. Each combinational 
output term has a distinct 3-State control term 
(DO —D7) originating from the AND array of the 
PLA. Each combinational output variable can 
be programmed as inverting (active LOW) or 
non-inverting (active HIGH) by way of the 
output polarity EX—OR gate associated with 
each I/O pin. 
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The PLS157 

This sequencer features all the attributes of the 
aforementioned PLS155, however, two flip- 
flops have been added, at the expense of two 
of the combinational outputs. Pins 13 and 180n 
the PLS157 are flip-flop driven, where the same 
pins on the PLS155 are combinatorial, driven 
from the PLA. Again, all variables (input, 
output, or state variables) fully connect over the 
PLA portion with both True and complemented 
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versions supplied. The number of product 
terms, the Complement array, Output Enable, 
3-State configurations, Register Preload, etc., 
track the PLS155 part. As with the PLS155, 
distinct clock input on pin 1 is provided for 
synchronous operation. Register Preset and 
Reset are available in 2 banks. Pin F4 and Fs 
are controlled from the AND array (Product 
Terms Pg and Rg). The remaining 4 registers, 
Fo — F3, are controlled by the sum terms (from 
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Figure 3-6. PLS157 Architecture 
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the OR array) Pa and Ra. 


Designs requiring more than 16 states but less 
than or equal to 64 states are solid candidates 
for realization with the PLS157. It can be confi- 
gured as a Moore machine for counter and 
shifter designs from the flip-flop outputs, or as 
high speed pulse generators or sequence 
detectors with the combinational outputs. 
Mixed solutions are also possible. 
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The PLS159A 

By extending the PLS157 arrangement even 
further, the PLS159A can be derived. Again, 
maintaining identical input, product terms, 
Complement array and similar 3—State parti- 
tioning, the PLS159A also resides in a 20-pin 
package. The expansion to dual 4-bit banks of 
flip-flops, at the expense of 2 combinational 
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outputs, enhances the number of available 
internal states while maintaining product term 
and pin compatibility. Note that all registers are 
controlled from the AND array in 2 groups of 
four. 


The PLS159A is an octal part. It readily enters 
the environment of the 8—bit data operand as 
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Figure 3-7. PLS159A Architecture 
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well as the bus oriented system. For enhanced 
performance, the flip-flop outputs are inverted. 
To provide positive outputs for shifters and 
counters, the input variables and state feed- 
back variables can be selectively inverted 
through an input receiver or the feedback path 
through the AND gate array. 
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There are three basic members in the 24-pin 
package family: The PLS167A, the PLS168A, 
and the PLS179. The PLC42VA12is discussed 
elsewhere. 


The PLS167A 

The PLS167A has 14 logic inputs and six regis- 
tered outputs (S-R flip-flops). Six additional 
buried flip-flops reside beside the 48 product 
term AND array. This device can support state 
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machine designs of up to 256 states—as two 
outputs feed back into the AND array, making 
a total of eight buried registers. There is 
complete feedback connectivity of the inputs 
and the state flip-flop outputs to the PLA AND 
gates. Organizationally it has much more in 
commonwith the PLS105A than the aforemen- 
tioned 20—pin parts. The asynchronous Preset 
and the Output Enable are _ identical 


to the PLS105A. 


By having the output latched state variable 
capability, it provides an automatic buffer for 
bus based systems. The current state may be 
presented, fully stable and synchronized to a 
bus—while the internal buried machine is tran- 
sitioning to the next state based on currentinput 
conditions. 


OUTPUT 


REG. 


Figure 3-8. PLS167A 
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The PLS168A 

This sequencer is a down—scaled version of the 
PLS105A. Having identical product terms, 
Complement array, asynchronous PRESET/ 
Output Enable options, and 3—State controls, 
its primary difference is having 12 inputs 
compared to the PLS105A’s 16 inputs. Howev- 
er, the PLS168A can become a state machine 
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of up to 1024 states due to internal feed back 
of its six state registers, plus the feedback of 
four of the eight output registers. The PLS168A 
is packaged in a 300mil-wide 24—pin DIP or 
28—pin PLCC. 


This is also an octal part, providing an 8-bit 
register to a bus based system. State registers, 


Figure 3-9. PLS168A 
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interrupt vector synchronizers, counters, shift- 
ers, or just about any basic state machine can 
be generated and 3-State interfaced to a com- 
puter bus with aPLS168A. Outputs provided by 
the positive asserted sense make state transi- 
tioning and loading of state variables straight- 
forward. 
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The PLS179 

The PLS179 is architecturally similar to the 
PLS159A. The 3-State enable, number of 
product terms, flip-flop mode controls, register 
preload, etc., are all identical to the PLS159A. 
The four additional inputs are the dominant dif- 
ferentiating feature for this part as compared to 
the PLS159A. As with the PLS159A, the 
PLS179 Preset and Reset functions are 
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controlled from the AND array in 2 groups of 4 
registers each. 


The PLS179 is also an octal part. Providing the 
state contents directly to the pin through 
3-State buffers allows counters and other 
sequence generators direct access to an as- 
sertedlow octal bus. Some design creativity will 


Figure 3-10. PLS179 Architecture 
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generate positive assertion through the pin 
inverters, for positive driven busses. Additional 
input pins expand the capability of the part 
beyond the PLS159A. Input combinations may 
be presented in a wider format, more fully 
decoded to the sequencer for faster reaction 
and less external circuitry than the PLS159A 
requires. 
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The PLUS405 

The PLUS405 is a functional superset of the 
PLUS105. It is also much faster. The perform- 
ance of the PLUS405 has been dramatically 
improved relative to the PLS105A. Available in 
two speed versions, the operating frequencies 
(‘/tis + tex) range from 37 to 45MHz (minimum 
guaranteed frequency). The clock frequencies, 
or toggle rate of the flip-flops, are 50MHz and 
58.8MHz, respectively. The PLUS405 has 16 
more product terms and two more buried state 
registers than the PLUS105. Equipped with 
two independent clocks, it is partitionable into 
two distinct state machines with independent 
clocks. And, it contains two independent 
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Complement arrays, allowing full benefits over 
both machines. 


The PLUS405 can be partitioned as one large 
state machine (16FFs) with 64 available 
p-terms using one clock and 16 inputs or alter- 
nately two state machines (8FFs each) with in- 
dependent clocks, sharing 64 p—terms with 15 
inputs in any combination the user desires. The 
Complement arrays can be used to generate 
the “else” transition over each state machine or 
alternately used as NOR gates. They can be 
coupled into a latch if needed. 


The Asynchronous Preset option of the 


PLS105/167/168 architectures has been 
replaced with a Programmable Initialization 
feature. Instead of a Preset to all logic “1"s, the 
user can customize the Preset/Reset pattern of 
each individual register. When the INIT pin (Pin 
19) is raised to a logic “1”, all registers are 
presevorreset. The clocks are inhibited (locked 
out) until the INIT signal is taken Low. Note that 
Pin 19 also controis the OE function. Either 
Initialization or OE is available, but not both. 


A CMOS extension to the PLUS405 is 
Signetics PLC415, which is pin compatible and 
a functional superset of the PLUS405 architec- 
ture. 


PLUS405 


Circuitry with dashed line 
is replicated four times. 
(16 JK flip-flops) 


Figure 3-11. PLUS405 


713 


4 COPIES 


J INIT/OE 


Signetics Programmable Logic Devices 


Programmable Logic Design 
and Application Notes 


The Future is Here Now. 

Recent architectural extensions are currently 
available from Philips Components—Signetics. 
These include the PLC415 and PLC42VA12. 
These new “Super Sequencers” are available 
now for high-end new designs. Please check 
the data sheet section of this handbook for 
more information. 
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APPLICATION SECTION 
INTRODUCTION 

This section provides examples of the 
wide ranging applications for Signetics 
PLD products. In microprocessors, for ex- 
ample, PLDs can solve complex interfac- 
ing problems. Their wide input gates make 
them ideal for microprocessor decoding, 
memory and I/O functions. 


Communication is another key area 
where PLDs can solve difficult problems. 
Here PLDs simplify the process of devel- 
oping products to an emerging standard. 
Signetics has provided a series of exam- 
ples to show PLDs make it possible to 
change a design the same instant the 
standard changes. The examples contain 
a range of applications from whole 
protocols and simple scramblers to a cus- 
tomizable speech synthesis system. 


Other examples in this section illustrate 
applications in home security and instru- 
mentation. 


The applications in this section are de- 
signed to show how Signetics PLDs can 
solve many classic design problems. 
However, it is important to note that each 
example exploits only one of the many fac- 
ets of the product. 


MICROPROCESSOR 
INTERFACING WITH SIGNETICS 
PLDS 

Microprocessor interfacing is the art of 
connecting the attributes of a micropro- 
cessor, very skillfully to its surrounding en- 
vironment. They must lineup carefully and 
match the appropriate timing, address 
and data signals to achieve an effective in- 
teraction. This section illustrates multiple 
interfacing examples. 
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Introduction 

Architectural bottlenecks have migrated 
from one point to another within a system 
throughout the history of computer de- 
sign. Currently, processor speeds and 
memory cycles have become so tightly 
designed that little margin exists should 
any incompatibility arise between them. 
Driven for both speed and pin compatibili- 
ty, DRAM manufacturers have added ad- 
ditional modes to their designs such as the 
nibble and page modes. Processor de- 
signers have resurrected the multiple bus 
Harvard architectures, as evident insome 
of the commercially available RISC chips. 
And, by using small block read ahead 
caches, the processors hide slower 
DRAM accesses typically by bursting as 
many as four words in a read cycle. At- 
tempting to match the DRAM to the pro- 
cessor, or perform parity or ECC at full 
speed (i.e., No wait states) requires afine 
balance of time budgeting, cost tradeoff 
and impedance matching among other is- 
sues. Performihg all of these functions 
has resulted in an address decode time 
between 10 and 20 nanoseconds, de- 
pending on the required set of tradeoffs. 
For example, a tight 80386 memory cycle 
at fullspeed may require 10 nanoseconds, 
which could be accomplished with a D- 
speed PLD, or with a fast PROM. Less 
than 10ns is desirable, so 7.5ns PAL-type 
devices will help. The new PHD16N8 and 
PHD48N22 are ideal. 


System Partitioning 

Currently, most 32-bit processors gener- 
ate an address capable of logically span- 
ning four gigabytes. This is accomplished 
with 32 bits of distinct address lines. Avail- 
able memories occupy much less (i.e., 1 
megabit or less). A 1 megabit DRAM re- 
quires twenty bits of address, so selecting 
across twelve bit fields may be appropri- 
ate. Single module selection (or common 
address banks) could be accomplished 
with any logic device which can decode 
(i.e., generate a select condition) over the 
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12 high order address bits. Many contend- 
ers exist for this reason. The classic solu- 
tion would be the 74S133 (tpp = 4ns) 13 
input NAND gates with an additional 
74S04 inverter to decode. Total decode 
time is at least eight nanoseconds. De- 
pending on the cycle requirements, this 
may be required, but typically is not. A 
more efficient method is simply a PLD 
which combines the wide logic gate with 
“free” input inverters where required. 


Additional select qualifiers may be need- 
ed to distinguish the precise assertion 
time of the select signal. The total number 
of decoding inputs will exceed the applied 
address signals. 


Given the memory choices selected, the 
designer must choose a decoding device 
which meets his criteria. A typical system 
would have a mix of PROM (system func- 
tions), STATIC RAM (no wait memory or 
cache), DRAM (slower bulk store) or dual 
port memory (video RAMor shared store). 
Each will have different timing constraints. 
Most systems today will have much less 
than the four gigabytes they can address, 
but for software expansion reasons (or 
other system considerations) the memory 
may not run contiguously and small 
patches might be spread over the entire 
range. It will be important to decode pre- 
cisely to known regions and avoid acci- 
dental reference to nonexistent regions. 


In selecting a decode device, assuming 
One is required, several considerations 
become key. Should the software allow it, 
or the performance require it, the fastest 
decode is by distinct selection via direct 
connection to high order address lines. In 
today’s organizations this will be the fast- 
est, most fragmented memory space. 
Electrical drive pitfalls can exist here. 
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Tight layout of the board is also important so 
that precious, paid for nanoseconds are not 
given up to long PC connect lines, input capaci- 
tance and voltage reflections. Many of the 
Signetics candidates illustrated in this discus- 
sion are limited to speed applications requiring 
no more than 16mA output drive. They may be 
inappropriate for extremely dense RAM arrays 
with long pe-trace interconnects. For simple, 
fast decode purposes, the D-speed PAL-type 
devices are good, with a logical choice being 
the 7.5ns PALICs. The new PHD family of parts 
is even better. 


Some straight forward decoding examples 
follow with criteria for selecting specific 
Signetics PLD products for decode. These ex- 
amples exploit only one of many facets offered 
by these products. Other examples illustrate 
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the use of Signetics PLDs for customized inter- 
rupt handling and a most extensive example 
shows a powerful solution to a SCSI bus inter- 
face. 


Bus Size Decoding for the 68020 
— PLUS18P8B 


Address decode for this class of processor is 
shown in successive sections (i.e., 68030 and 
80386). This example depicts a_ slightly 
different problem—“data bus sizing” which is 
accomplished by decoding the address and 
control signals replicated in the logic diagram in 
Figure 4-1. Basically the 68020 device will 
strobe data onto the 32-bit databus in byte 
oriented subfields of the large word. Sixteen bit 
ports can receive either the upper or lower 16 
data lines. Other ports can respond to LLD 


Figure 4-1. 68020 Bus Sizing Logic 


716 


(Data 0-7), LMDF (Data 8-15), UMD (Data 
16-23), or UUD (Data 24-31). All subfields can 
be simultaneously asserted as dictated from 
decoding the size control lines (SIZO, SIZ1) in 
conjunction with the low order address lines 
(AO, A1). 


Because the solution requires no product term 
sharing and is intensive on neither input nor 
output pins, a simple fast PAL device is the best 
choice—the PLHS18P8B is designated. The 
basic operation is to decode the input lines to 
indicate whether the bus should have 8, 16, or 
32 bits driven onto it. These signals are 
supplied to a device external to the micropro- 
cessor which then asserts the corresponding 
data. Figure 4-2 shows an appropriate pinlist 
under AMAZE with Figure 4-2 showing the logic 
equation file. 


Upper Upper Data (32-Bit Port) 
Upper Middie Data (32-Bit Port) 
Lower Middle Data (32-Bit Port) 
Lower Lower Data (32-Bit Port) 
Upper Data (16—Bit Port) 
Lower Data (16—Bit Port) 
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BYTESEL 
4/31/1988 


File Name 

Date 

@DEVICE 

PLHS18P8 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 

@COMP ANY 

@NAME 

@DESCRIPTION 

@PINLIST 

<--REFERENCE-->” 

PIN FCT PIN ID OE CTRL” 
I I0 . 

Il 

T2 

13 

14 

i3 

16 

T7 

18 

GND 

19 

BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

Vcc 


“PINLABEL PIN # 


I 
I 
I. 
I 
A. 
I 
I 
I 
0 
I 
/ 
/ 
e) 
1) 
O 
O 
QO 


Oo 


+5V 
@COMMON PRODUCT TERM 
“CPT label = 
@I/O DIRECTION 
@LOGIC EQUATION 
UUD= /AO*/Al1 ; 
UMD= /SIZ0*A1+A1*AO0+SIZ1*/Al ; 


(expression) ” 


LMD= 
LLD= 
UD = /AO 


- 
, 


LD = AO+SIZ1+/SIZ0 ; 


Interfacing to SPARC — 
PLUS20L8-7 


The SPARC™ processor is a modern RISC de- 
vice configured from a popular CMOS gate 
array. Architectural details can be found in data 
sheets and literature. Supporting a full 32 bitad- 
dress decode at full speed requires a 60 nano- 
second instruction or data cycle. We will 
consider a 60ns part although a 30ns one is 
available. Figure 4-3 shows the pin definition 
and Figure 4-4 the basic timing. The address is 
driven out in two phases (low and high) and the 
data must be present 54 nanoseconds after the 
rising edge of clock 1. To meet the access time 
will require an SRAM of less than 60ns. In fact, 
the address generation requires 30ns from 
when the low address is valid to when the high 
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Figure 4-2. BYTESEL Design File 


address is valid. This is almost untenable and 
most designs will rely on the high order address 
lines seldom changing with respect to the low 
order ones. Therefore, assuming the high order 
lines are static and basing address calculations 
on the low order transitions seems reasonable. 
Detecting a change from one “segment” to 
another in the high lines can key a “wait” condi- 
tion when addresses make big jumps. By not 
doing this, will force a very expensive SRAM 
solution if zero waits are required. Assuming 
zero wait states are desired, this will require a 
memory less than 20ns access, if the fastest 
(7.5ns) PLD is chosen. By virtue of its restricted 
width and even more restricted speed option for 
a zero wait state solution, the PLUS20L8-7 is 
the only contender. This restricts the SPARC 
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, 


/AO*A1+/A1*/S1Z1*/SIZ0+SIZ1*S1IZ0*/Al1+/SIZO*/AI*A ; 
A0*STZ0*SIZ1+S1Z0*/SIZ1+A0*A1+A1*SIZ1 


address space to 32 independent modules. 
The low order address lines must be latched 
within the RAM or externally. 


Full performance can be achieved for 32, 64K— 
bit static RAMs comprising '/>-mega word 
store at full speed. By allowing a single wait 
state, the options open enormously to include 
a full spectrum of SRAMs, PROMs, even 
DRAMs with any of the other decode devices. 
Figure 4-5 shows four such modules selecting 
off of AL17-AH21 address lines into 16K y 
4—bit, 35ns SRAMs. This populates the entire 
lower two megaword space with high perform- 
ance static RAM. The high order address lines 
(AH22-AH31) can select other such modules 
for expansion purposes. 
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18 
_—_- AL17-ALO 


al ADDRESS 


1g BUS 
T7_»> AH31-AH16 
g AS17-AS10 


3 


C7) 021-00 DATA 


BUS CYCLE 
COPROCESSOR DEFINITION 
INTERFACE | 


MB86900 


BUS CYCLE 
CONTROLS 


SYSTEM 
TEST 
CONTROLS 


INTERRUPT 
& SYSTEM CONTROLS 


MISC. 7 
conte mater 
LDST 


Figure 4-3. SPARC Pin Definition 
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60ns min 


aT) 
{_N 


Data Setup 4ns min 


All times with respect to CLK1 rising edge 
AL = low order addresses 

AH = high order addresses 

D31-—D0 = Data 

ASI = address strobes 

Move 


Figure 4-4. SPARC Instruction Fetch Timing 
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Figure 4-5. 1/2MEG SPARC SPACE 
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The 80386 Pipeline Decoder — 
PLUS153D 


For example, select a mix of memory that will 
be located in small addressing chunk segments 
within the lower 16 megabytes of the 80386 four 
gigabyte address space. See Figure 4-6. 


This decoding method will impact the memory 
addressing, but in a different way. The 80386 
supports a mode whereby a next address can 
be asserted early (1 clock cycle) if the user 
asserts the NA# pin. The interleaved slower 
memory may be sued by getting the nest 


2X CLOCK { oa 


oral C DATA PLUS > 
DATA { DO-D31<_ DATA PLUS 


ADS# 
NS# 

BS 16# 
READY# 


80386 
BUS 
CONTROL 
PROCESSOR 


HOLD 
HLDA 


BUS 
ARBITRATION 


wean 


INTR 
NMI 
RESET 


address earlier than normal to trigger an early 
memory cycle. Because we will be driving a 
single signal, NA#, a PLUS153 can be confi- 
gured with eight inputs and nine of the bidirec- 
tionals configured as inputs (i.e., 17 inputs, one 
output). By decoding addresses 31-17 with the 
Status signal M asserted high and ADS# 
asserted low, an NA# will assert early to initiate 
a pipelined early transfer with a slower RAM. 
This approach allows designers to tune their 
specific memory speeds to the processor, 


ADDRESS BUS 


BE3# 
BE2# 
BE1# 
BEO# 


32-BIT 


BYTE ADDRESS 


ENABLES 


W/R# 
D/C# 
M/10# 
LOCK# 


BUS CYCLE DEFINITION 


PEREQ 
BUSY# 
ERROR# 


COPROCESSOR SIGNALING 


POWER CONNECTIONS 


Figure 4-7. Functional Signal Groups 


Figure 4-7 illustrates the 80386 signal groups. 


Figure 4-8 illustrates various bus cycles with no 
wait states, and no pipelining. 


Figure 4-9 illustrates bus cycles with and with- 
out pipelining. 


Figure 4-10 illustrates the CLK2 time spans. 
Figure 4-11 illustrates the NA# pinlist. 


Figure 4-12 illustrates the .BEE file for NA# 
generation. 


August 1989 


721 


according to timing needs. 


Figure 4-10 shows NA# generated for a pipe- 
lined address located in the lowest 128K of the 
address space. In Figure 4-11, the PLUS153D 
is shown as a single 17-input NAND function, 
most of the remaining portion of the part is un- 
used. The address strobe and M signals are 
included to correctly qualify the address andnot 
generate glitches into the NA# pin. Unless the 
p.c. board is poorly designed, the output drive 
of the PLUS153D will be adequate to drive the 
NA# pin and any additional PC—metal. Figure 
4-12 shows the AMAZE equation to decode. 


1 MEG Chunk 
1 MEG Chunk 


GIGABYTE 3 


GIGABYTE 2 


GIGABYTE 1 


GIGABYTE 0 


GIGABYTE 0 


1 MEG Chunk 


Figure 4-6. A Typical Address Space 
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IDLE} CYCLE 1 CYCLE 2 CYCLE3 | IDLE| CYCLE 4 IDLE 
NON-PIPELINED) NON-PIPELINEQ NON-PIPELINED NON-PIPELINED 


(WRITE) (READ) (WRITE) (READ) 
T1 T2 T1 T2 T1 T2 


CLK2 [ 
mol inl nll 
BEO-BE3# 


Ecol NRREX (aioe YX wauos XRNIvauios RRR 
| aaa a aie 


wre | XXXXXY . | Rose |__ a 
“oP | at | EE 

oY MY MY] MY 
NAT  XXXXXKXXMXXXAXXXAKKKKKXKAKKKKIKKKKIKKKAKK KKK KK 


/\ 
32-BIT 32-BIT 32-BIT 32-BIT 
BUS SIZE BUS SIZE BUS SIZE BUS SIZE 
= 7G S 


see [ XRRRRIRREWY WRK” VERY CRKKRNRKNY ” WIRKKK 


READY# i KXXXKXK XX ‘ 


wooo [YN oe 


fee toe 
Do-D31 [ OUT 


LINX OUT) 


IDLE STATES ARE SHOWN HERE FOR DIAGRAM VARIETY ONLY. 
WRITE CYCLES ARE NOT ALWAYS FOLLOWED BY AN IDLE STATE. 
AN ACTIVE BUS CYCLE CAN IMMEDIATELY FOLLOW THE WRITE CYCLE. 


Figure 4-8. Various Bus Cycles and Idle States with 
Non-Pipeline Address 
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IDLE CYCLE 1 CYCLE 2 CYGLE 3 CYCLE 4 IDLE 
NON-PIPELINED NON-PIPELINED | NON-PIPELINED| NON-PIPELINED 
__(WRITE) (READ) NITE) WRITE) (READ 


T1P P| 12. TAP 


EVV VUUMOUN 
mel WM MMMM 


A2-A31. 
M/10#.D/C# 


X =. XXXK pol inl 
Seca 
ae TA [ATE 


et i= KX - a aii RAN (BRN i AMAA =e AXA AAA 


ester [ X XXX OAKEY” X » XK eEKY XXX WXEEXKKXN 
naove [ YRRRERRKIO_| ARMOR TO | AR | AR. | A 


nt teelcaie el le el 
ae Oe ee ae oe 


RY was X vane | 


Figure 4-9. Mixed Pipelined/Non-Pipelined Signals 


PIPELINED REGION IN LOWEST 128K 


16 (HIGH) 


17 (HIGH) AD 
NA# = /AD31/AD30-/AD29 . . . /AD17-M-ADS&# ; 


Figure 4-10. Pipelined Region NA# Generator 
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File Name : NA 386 
Date : 5/16/1988 
Time : 16:37:58 


HHHHEH HRS EE HH HH FH HF Lis 2 FHHEHHRE ES THEE HH EH HF 


LABEL FNC ** LABEL 
AD31 wie Vcc 
AD30 =e AD22 
AD29 AD21 
AD28 AD20 
AD27 AD19 
AD26 AD18 
AD25 AD17 
AD24 M 
AD23 /ADS 
GND /NA 


xx 


K* 


x* 


O HoH Ae HAH eH A HA HA 
“NS He AAA ae A AR eI 


Figure 4-11. Pinlist NA_386 


File Name : NA 386 

Date : 5/16/88 

Time : 16:38:8 

@DEVICE TYPE 
PLUS153 

@DRAWING 

@REVISION 

@DATE 

@SYMBOL 


@ COMPANY 


@NAME 
/NA386 


@DESCRIPTION 

THIS DESIGN DRIVES THE NA# SIGNAL LOW WHEN ASSERTED ON AN 
80386 PROCESSOR FOR A MEMORY REGION SPANNING THAT DECODED 
BY THE EQUATION CONTAINED HEREIN. 


@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 


/NA=/ (/AD31*/AD30*/AD29*/AD28*/AD27*/AD26*/AD25*/AD24*/AD23 
*/AD22*/AD21*/AD20*/AD19*/AD18*/AD17*/ADS*M) ; 


Figure 4-12. NA_386 .BEE File 
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68030 Address Decoding — 


PLUS173D 

Although designers generally try to optimize 
every nanosecond of microprocessor perform- 
ance, it is typically not necessary for the CPU 
to always operate at full speed. Operating the 
CPU, when acceptable, at a slower speed can 
bring about a more economical and compact 
system. This is due to higher costs associated 
with fast memory and greater board area usage 
of very wide memory configurations. 


MC68030 


Some software routines in which slower per- 
formance may be acceptable are during power 
up initialization, diagnostic routines, or possibly 
some exception processing routines. Where 
speed is not critical, an 8—bit bus is the most 
economical and compact because of readily 
available byte wide memory components and 
buffers. The 68030 is easily interfaced to 8, 16, 
or 32-bit ports because it dynamically inter- 
prets the port size of the addressed device dur- 
ing each bus cycle. Figure 4-13 shows an 
example of interfacing both a relatively slow 


D31-—D24 


whales El 
Clock Generation 
CLK 


A2-A15 


Gia: a ee RMCS 


A31 
A30 
A19 
A18 
A17 
A16 
Al 


200ns 8—-bit EPROM and fast 35ns 32-bit RAM 
to a 68030. A PLUS173D was chosen for its 
high speed and large number of inputs and 
outputs. Figure 4-14 shows the AMAZE pinlist 
and Boolean equations for the device. The 
EPROM occupies memory space 0-32K while 
the RAM occupies addresses 64K-—1 28K. How- 
ever, please note that because not all of the 
upper memory address bits were decoded, the 
memory arrays will also appear at other 
addresses. 


270256 


32Kx8 
EPROM 


EPROM SEL 


Figure 4-13. Example Interfacing Mixed Memory Types 
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FHHHHHHREE RSE H HEHE H I LLswT HHPHHHHH EHR EEE HH EH HH 


LABEL**° FNC ** “% ENC LABEL 
DLYIN** I ne ** +5V VEC 
/AS ** * x** /O /RMS 
A31 ** ,** = ne OC DSTRT 
AsO =* aN ne IO /UUCS 
AiLo Es ae eae 4, | /UMCS 
Alg ** * xk JO /LMCS 
Al? 3% we aS £0 /LLCS 
Alb ** haar 4. ©) /EPCS 
Al. 8 ¥* /O /ACK1 
AQ *# wx {0 /ACKO 
SizZ0** mee RW 
GND ** a siz 


HHA ea A AR A Re eR 


io) 
< 


@DEVICE TYPE 
PLUS173 
@LOGIC EQUATION 
“EPROM enable” 
fepces = /(/a31*/a30*/al9*/al8*/al7*/al6*as) ; 
“start shift register during EPROM access” 
dstrt = /a31*/a30*/al9*/al8*/al7*/al6*as; 
“DSACKO after 4 clock cycles for EPROM access” 
/ackO = /(dlyin); 
“immediate STERM upon RAM access” 
/Jackl = /(/a31*/a30*/al9*/al8*/al7*al6); 
“Byte select signals for RAM writes” 
/uucs = /(a0*/al* /rw*al6*/al7*/al8*/al9*/A30*/a31) ; 
/umes /( a0*/al* /rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/siz0* /cw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/sizl* /cw*al6*/al7*/al8*/al9*/A30*/a31; 
/lmes /( a0*/al* /rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*/siz0*/siz1*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al* sizO* siz1l*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+/al*a0*/siz0O* /rw*al6*/al7*/al8*/al9*/A30*/a31) ; 
/( aQ* al* /rw*al6*/al7*/al8*/al9*/A30*/a31 
+/a0* sizO* siz1*/rw*al6*/al7*/al8*/al9*/A30*/a31 
4 /siz0*/siz1l*/rw*al6*/al7*/al8*/al9*/A30*/a31 
+ al* sizl*/rw*al6*/al7*/al8*/al9*/A30*/a31); 
/ ( rw*al6*/al7*/al8*/al9*/A30*/a31); 


Figure 4-14. AMAZE Pinlist and Boolean Equations 
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The 29000, SRAM and the 
PLUS20L8D 


The 29000 processor can, in theory, access 
instruction memory every 40 nanoseconds 
(Figure 4-15) at top speed. The natural tenden- 
cy is to place this part into the highest perform- 
ance environment possible. This is still a very 
difficult problem. Similar to the SPARC, a 


System clock 


29000 address valid 


Instruction request TREQ 


Instruction burst 
request IBREQ 


Instruction data valid 


simple brute force SRAM will yield no “wait 
States” by correctly combining, for instance, a 
25ns access time with the instruction cycle. 
One additional, and very important requirement 
will be a current drive of 24mA. The 
PLUS20L8D PAL (Figure 4-16) can decode up 
to 20 inputs in 10 nanoseconds with 24mA of 


output drive. Making some assumptions about 
SRAM input capacitance, p.c. board trace ca- 
pacitance, etc., will assure the reader that the 
PLUS20L8D will not waste valuable time need- 
ed to achieve the maximum possible perform- 
ance. The following outlines verification thatthe 
PLUS20L8D will meet timing requirements. 


Address bus freed for data accesses 


| Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5 | Cycle 6 | Burst mode suspended 


Figure 4-15. 29000 Burst Mode Instruction Timing 
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LOGIC DIAGRAM PLUS20L8 
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Figure 4-17. High Speed Burst Mode Configuration 


Consider, for example, the configuration 
depicted in Figure 4-17 with Motorola MCM 
6288 SRAMs. As depicted, there are eight 
modules forming a 16K word space. The 29000 
is targeted to drive 80pf according to the data 
manual at full speed (25MHz clock). How much 
additional time delay will be attributed to the bus 
and RAM loading? 


For the chosen RAM configuration C;,, = 8 (Spf) 
= 40pf. We will have to assume some values for 
p.c. wiring. One common one today is about 
20pf/ft. Placing our RAM on the same board, 
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near the processor should require about a foot 
of trace/address line. The average C, = (40 + 
20) pf. This is just beyond the 10ns specified for 
testing the 20L8 (i.e., 50pf), however, if we 
ignore it, the extra loading will not significantly 
impact this small system. 


To include it would incur additional assump- 
tions about the pull up and pull down resistance 
of the 20L8 (these values are typically between 
5 and 20 ohms), but are not strictly specified. 
The result is that we are within 2 nanoseconds 
of time delay by ignoring the capacitance. 
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Tdelay (20L8) = 10ns (MAX) 
Tdelay (RAM access) = 25ns (MAX) 
Tdelay (29000) =__5ns (MAX) 

40ns (MAX) 


Adding anything into the data path or a poor 
circuit layout can take the design out of spec., 
but by these assumptions, is can succeed. 
Design slack may be generated simply by in- 
serting the 20L8—7 and one gets 2.5ns of free 
time margin. 
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Interrupt Handler — PLS179 

In the 1970's |.C. manufacturers made the error 

of introducing microprocessor chips without 

having family support chips available. Often, 
months or years passed before relatively 
simple family additions arrived. Later, a similar 
situation arose when bus standards, LAN stan- 
dards, and disk standards failed to settle down 
for system designers to get sufficient market 
lead without LSI solutions. PLDs could have 
helped much here! As an example of designing 

a microprocessor family part, consider Figure 

4-18, which depicts an interrupt handler. In par- 

ticular, note that interrupt inputs will be latched 

into an 8—bit register. This in turn will be 
encoded to a 3-bit vector which may be appro- 
priately enabled and applied to the microbus. 

Figure 4-18 shows the eight flip-flops as having 

J—K and /D inputs which will be generated with 

a PLS179 by switching the flip-flop control. 

Appropriate control signals for the various 

transactions might be as follows: 

1. CLOCK — the system synchronous time 
base. 

2. Interrupt Enable — when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 

3. Interrupt — a strobe or level defined to in- 
dicate a pending interrupt and a valid 
encoded vector. 
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4. Interrupt Acknowledge — a response 
signal from the microprocessor which may 
be used to enable the 3-bit vector onto 
the bus. As well, it may initiate clearing 
the currently asserted interrupt latch. 


5. /INTO-/INT7 — eight possible interrupt re- 
quest signals which must be asserted low 
and held there until service for that device 
has occurred. 


6. Reset -— this is a system override signal 
which will clear all flip-flops during initial 
operation. 


Basic Operation 

Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. Then, 
when interrupts are enabled, the /D—inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will put 
a nonzero value into the eight bit register which 
will generate an interrupt output, combination- 
ally through the Complement array. In parallel, 
a 3-bit encoded vector will be applied on the 
VECO, VEC1, VEC2 lines. Asserted high logic 
will be assumed for the vector. Presumably, a 
microprocessor will interrupt this, transfer con- 
trol to a service routine and clear the interrupt. 
The clear will be accomplished by disabling 
interrupts and strobing the vector value back 


into the PLS179, using the IACK signal. Disab- 
ling the interrupts will put the registers into J-K 
mode. J is tied to zero and K is decoded from 
the specifically strobed vector. Therefore, syn- 
chronous clear of the high priority bit is done. 
Interrupts are then re-enabled and the process 
continues. 


The PLS179 solution offers room for user alter- 
ation. For example, the [ACK condition could 
be redefined as a combination of the Z80 |O- 
REQ and M1 signals, or any specific splitting of 
internal signals could be easily done. The 
design could fitintoa PLS159A, but there would 
be less room for variation for specific users ex- 
act needs. Figure 4-20 shows the pinlist for the 
handler. Figure 4-21 gives the corresponding 
design file. A simulation Ruler template is given 
in Figure 4-22, and Figure 4-23 shows a simu- 
lation log file for some example interrupt trans- 
actions. In Figure 4-23, the simulation begins 
by asserting RESET followed by successive 
assertion of each interrupt bit to demonstrate 
the vector encoding. The second half begins 
with all eight interrupts asserted simultaneous- 
ly and each is cleared successively in descend- 
ing priority. /INTO is the highest priority. The 
interrupt is actually asserted through the 
PLS179 Complement array behaving as a 
simple NOR gate. 
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RESET 


INTENA [make D FFS] 
ANTENA [make J—K FFS] 


ANTO 
KLEARO 
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ANT1 
KLEAR1 


ANT3 


KLEAR3 
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KLEARS Figure 4-19. Encoder Logic Diagram 
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Figure 4-18. Interrupt Handler 
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@DEVICE TYPE 
PLS179 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 

JOE USER 
@NAME 
GENERIC INTERRUPT VECTOR GENERATOR 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT OE CTRL” 
CLOCK CK ~ : 
ENA 3 
RESET 
IACK 
N/C 
N/C 
N/C 
N/C 
N/C 
INTERUPT 
VECO 
GND 
OTE 
VEC1 
/ INTO 
/INT1 
/INT2 
/INT3 
/INT4 
/INTS 
/ INTE 
/INT7 
VEC2 
Vcc 


WW WH WW WWW Wa 


Figure 4-20. Interrupt Pin List 
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@COMMON PRODUCT TERM 
CPTi= /INTO*/INT1I*/INT2*INT3 ; 
CPT2= /INTO*/INT1*/INT2*/INT3*/INT4*INTS ; 
CPT3= /INTO*/INT1*/INT2*/INT3*/INT4*/INTS*INTO ; 
CPra= /INTO*/INT1*/INT2*/INT3*/INT4*/INT5S*/INTO*XINT? ; 
KLEARO =/VEC*/VEC1*/VECO*IACK; “DECODE VECTOR 0” 
KLEARI1 =/VEC2*/VEC1*VECO*IACK; “DECODE VECTOR 1” 
KLEAR2 =/VEC2*VEC1*/VECO*IACK; “DECODE VECTOR 2” 
KLEAR3 =/VEC2*VEC1*VECO*IACK; “DECODE VECTOR 3” 
KLEAR4 =VEC2*/VEC1*/VECO*lLACK; “DECODE VECTOR 4” 
KLEARS =VEC2*/VECI1*VECO*IACK; “DECODE VECTOR 5” 
KLEAR6 =VEC2*VEC1*/VECO*IACK; “DECODE VECTOR 6” 
KLEAR7 =VEC2*VEC1*VECO*IACK ; “DECODE VECTOR 7” 
@COMPLEMENT ARRAY 
/C = /(INTO + INT1 + INT2 + INT3 + INT4 + INTS + INT6 + INT7); 
@I/O DIRECTION 
D3 ENA; 
D2 ENA; 
D1 ENA; 
DO ENA; 
@FLIP FLOP CONTROL 
FC = /ENA; 
@OUTPUT ENABLE 
EA=OTE; 
EB=OTE; 
@REGISTER LOAD 
LA=ENA; 
LB=ENA; 
@ASYNCHRONOUS PRESET/RESET 
RA = RESET; 
RB RESET? 
PA 0; 
PB Os 
@FLIP FLOP MODE 
MO,M1,M2,M3,M4,M5,M6,M7 = 1; 
@LOGIC EQUATION 
VECO (/INTO*INT1] + CPT1 + CPT2 + CPT4); 
VEC1 (/INTO*/INT1*INT2 + CPT1 + CPT3 +CPT4); 
VEC2 (/INTO * /INT1 * /INT2 */INT3*INT4 + CPT2 + CPT3 
INTERRUPT = (/C); 
INTO: J=0; 
K=KLEARO; 
INTI: J=0 9 
K=KLEAR1; 
INT2; J=0; 
K=KLEAR2; 
J=0; 
K=KLEAR3; 
J=0; 
K=KLEAR4; 
J=0; 
K=KLEARS; 
J 
K 
J 
K 


@INPUTS 
13 /OTE 
3 RESET 
2 INTENABLE 


22 /INT7 
21 /INT6 
20 /INTS 
19 /INT4 
18 /INT3 
17 /INT2 
16 /INT1 
15 /INTO 


4 IACK 


23 VECZ 
14 VEC1 
il VECO 


@OUTPUTS 
10 INTERRUPT 
23 VEC2 
14 VEC1 
11 VECO 


22 /INT? 
21 /INT6 
20 /INTS 
19 /INT4 
18 /INT3 
Ld fINT2 
16 /INT1 
15 /INTO 


Figure 4-22. Interrupt Ruler File 


INT3: 


INT4: 


INTS 


INT6: 0 


KLEAR6; 
0; 
=KLEAR7; 


INT?: 


Figure 4-21. Interrupt Design File 


August 1989 733 


Signetics Programmable Logic Devices 


Programmable Logic Design 
and Application Notes 


PLS179 INTERRUP Time = 14:53:31 Date = 8/5/1987 


a” 


a” 


“ 


a” 


au 


E 
Cc 
Cc 
Cc 
Cc 
C 
Cc 
S 
Cc 
Cc 
€ 
C 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 


DODDODDDOOHRKRPHE HEH HEH HEHO OD 


INP 


76543210 


py ay Be a 
LI2Z11010 
11111001 
LEAT L007 
LLLLIVOL 
LI11 1001 
11111001 
11111001 
11111001 
LTLLTe01 
11111001 
Lt111100 
LT111100 
11111100 
11111100 
11111100 
ELELLILOG 
LLTAL LOO 
LLLLL1L00 


PINLIST » « « 
O01 13 09 08 O07 06 O5 04 03 O02 23 14 11 10 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO OD 


22 21 20 19 18 17 16 15 
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I/O 

3210 
LLLH 
HHHL 
HHLL 
HLHL 
HLLL 
LHHL 
LHLL 
LLHL 
LLLL 
LLLL 
O00. 
O01. 
010. 
O11. 
100. 
101. 


110 
Li. 


<=PREV=> 


76543210 


LLLLLLLL 
LLLLLLLL 
LLLLLLLL 
HLLLLLLL 
LHLLLLLL 
LLHLLLLL 
LLLHLLLL 
LLLLHLLL 
LLLLLHLL 
LLLLLLHL 
LLLLLLLH 
HHHHHHHH 
HHHHHHHL 
HHHHHHLL 
HHHHHLLL 
HHHHLLLL 
HHHLLLLL 
HHLLLLLL 
HLLLLLLL 


<=NEXT=> 


76543210 


LLLLLLLL 
LLLLLLLL 
HLLLLLLL 
LHLLLLLL 
LLHLLLLL 
LLLHLLLL 
LLLLHLLL 
LLLLLHLL 
LLLLLLHL 
LLLLLLLH 
HHHHHHHH 
HHHHHHHL 
HHHHHHLL 
HHHHHLLL 
HHHHLLLL 
HHHLLLLL 
HHLLLLLL 
HLLLLLLL 
LLLLLLLL 


I/O CONTROL LINES 


DESIGNATED I/O USAGE 


ACTUAL I/O USAGE 


<=FOUT=> 


76543210 


NNNNNNNN 
HHHHHHHH 


LLLLLLLH 
LLLLLLHH 
LLLLLHHH 
LLLLHHHH 
LLLHHHHH 
LLHHHHHH 
LHHHHHHH 
HHHHHHHH 


TRACE TERMS 


Figure 4-23. Interrupt Simulation Log File 


734 


Signetics Programmable Logic Devices 


Programmable Logic Design 


and Application Notes 


SCSI TARGET INTERFACE — 
PLUS105 AND PLUS153B 


Overview 

This application provides acomplete solution to 
the SCSI Target Interface. As well, it includes 
a detailed rendering of the PLUS 105 controlling 
transaction with a complete state equation 
solution. 


Introduction 

From its first introduction, the SCSI Bus (known 
as SASI in its initial days), has gained wide 
acceptance as a small computer peripheral 
bus. As the performance capabilities of mass 
storage peripheral devices increased, other 
bus specifications came into being to handle 
the increased performance requirements. In- 
terfaces such as the High Speed SCSI, ESDI, 
and proposed byte/word wide bus for high 
performance mass storage devices (to replace 
the de facto standard SMD Interface) are gain- 
ing acceptance. Though different from each 
other, they present the system designer with 
surprisingly similar handshake requirements 
for the transfer of command, status, data and 
other information among hosts and/or targets 
connected to the bus. 


ADDRESS 


Base +0 
Base + 0 
Base + 1 
Base + 2 
Base + 2 


In recent years several IC manufacturers have 
introduced single-chip controllers for the SCSI 
Bus, but none yet for the new proposed buses. 
The purpose of this application note is to use 
the SCSI Bus, known to most designers, as the 
vehicle to demonstrate the ease with which 
such buses can be handled by high perform- 
ance, low cost programmable sequencers. The 
design described is based on the PLUS105 (or 
the higher performance PLUS405). 


High performance programmable sequencers 
using the architecture exemplified in the 
PLUS105 have been available since Signetics 
invented and introduced the PLS105 in 1980. 


Functional Description 

The SCSI Interface described in this document 
is a Full Target Implementation that includes 
the following features: 


— Arbitration Capability 

— Reselect Capability 

— Software Programmable Target |.D. 
— Full DMA Interface 

— Interrupt Generator 


The Reselect and Arbitration capabilities 
enable the implementation of an efficient, intel- 


REGISTER 
STATUS 


The 5 registers are 8 bits wide with bit definitions as described below: 


COMMAND REGISTER 


PORTE DMAE CTLS MESG 
a ee ee eee 


CTRL 


COMMAND Write only 
TARGET ID Write only 
DATA IN Read only 
DATA OUT Write only 


ligent target controller. Once a command is 
received, the target can disconnect from the 
SCSI Bus, execute the command and recon- 
nect to the SCSI when data or status needs to 
be transferred to the requester. This reduces 
the amount of idle time on the bus; it also 
enables the target to receive multiple com- 
mands and execute them in the most efficient 
manner. 


The software programmable Target |.D. allows 
the same design to be used for multiple targets 
sharing the same SCSI Bus. The DMA Inter- 
face is based on a straight-forward DMA 
Request/DMA Acknowledge Handshake pro- 
tocol, enables fast data transfers without undue 
burden on the local intelligence. 


An open collector, active low interrupt is 
provided to request service by the local intelli- 
gence at the completion of transfers or in the 
event of errors. 


Programmer’s Interface 

The SCSI Port is operated through the use of 
five independently addressed registers: 
STATUS, COMMAND, TARGET ID, DATA IN, 
DATA OUT. 


ACCESS MODE 
Read only 


SFC 


IRQE — SET to enable the generation of interrupts from the Port. 
PORTE — SET to enable operation of the SCS! Port. Negation of this signal is required to clear the interrupt generated 
at the completion of every command. 
DMAE — SET to enable the DMA Interface of the SCSI Port. 
CTLE — Defines the direction of transfers on the SCSI Bus 
0 : From SCSI to TARGET 
1 : From TARGET to SCSI 
MESG — SET for MESSAGE Transfers on the SCSI Bus 
CTRL — Defines the type of transfer on the SCSI Bus 
0 : DATA Transfer 
1 : COMMAND or STATUS Transfer 
SFC — Two bit Function Code: 
00 -— Disconnect 
01 — Transfer 
10 — Reselect 
11 — Arbitrate 
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STATUS REGISTER 


BUSY ARBT SLCD 


CMPL — Function Completed. This signal gated with BIT 7 (IRQE) of the Command Register generates an Interrupt to 
the local intelligence. 

PARE — Parity Error. The source of the error can be determined from the state of BIT 4 (CTLS) in the COMMAND 
Register: 


CTLS=0 — Error on SCSI Bus 
CTLS=1 — Error in local memory 


SRST — Status of RESET signal on SCSI Bus 

ATTN — Status of ATTENTION signal on SCSI Bus 

SLCT — Status of SELECT signal on SCSI Bus 

BUSY — Status of BUSY signal on SCSI Bus 

ARBT — ASSERTED to indicated that the controller has won Arbitration and is in control of the SCSI Bus. 

SLCD — bere a If both SLCD and SLCT are ASSERTED, the controller is being selected by another device on 
e us. 


TARGET ID REGISTER 


TID — Three bit code that defines the Target I.D. 


Port Operation 

As described in the previous section, the port 
can execute 4 commands: 

Arbitrate, Reselect, Transfer and Disconnect. 


Arbitrate : The port monitors the SCSI Bus for the “bus free” state. When the bus is free, the port starts the Arbitration 
sequence to gain bus mastership. If arbitration is won, the port will generate an interrupt with the appropriate 
status in the STATUS Register. If arbitration is lost, the port returns to the monitoring of the SCSI Bus. 


Reselect : The port transfers the desired ID Byte from local memory (through DMA) to the SCSI Bus and waits for the 
appropriate response from the desired controller. When the desired controller responds, the Port generates 
an interrupt with the appropriate status in the STATUS Register. 


Transfer : The port transfers data between local memory and the selected controller on the SCSI Bus until the DMA 
Termination Signal (DMACNTO) is asserted. At completion, the port generates an interrupt with the proper 
status in the STATUS Register. 


Disconnect : The port relinquishes Bus mastership. This results in the “bus free” state allowing other controllers to use 
the SCSI Bus. This is also the IDLE state for the Port. The port should be programmed for this state when 
there is no SCSI work in progress. 
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Arbitration Software Sequence 
PROC (arbitrate) 


negate DMAE, PORTE 
set SFC to ARBITRATE; assert PORTE 
wait for completion 
negate PORTE 
IF port won arbitration 
THEN exit with normal status 
ELSE DO 
IF SRST 
THEN exit with RESET status 
ELSE DO 
set-up single byte DMA transfer 
negate CTLS; assert DMAE, PORTE 
wait for completion 
negate DMAE, PORTE 
exit with Port Selected status 
END 
END 
END 


RESELECT Software Sequence 
PROC (reselect) 


negate DMAE, PORTE 
place reselect ID byte in local memory 
set-up single byte DMA transfer 
set SFC to RESELECT; assert DMAE, PORTE 
wait for completion 
negate DMAE, PORTE 
IF good completion 
THEN exit with normal status 
ELSE IF SRST 
THEN exit with reset status 
ELSE exit with error status 
END 


TRANSFER Software Sequence 
PROC (transfer) 


negate DMAE, PORTE 
set-up DMA controller 
set SFC to TRANSFER; set-up CTRL, CTLS, MESG; assert DMAE, PORTE 
wait for completion 
negate DMAE, PORTE 
IF good completion 
THEN exit with normal status 
ELSE iF SRST 
THEN exit with reset status 
ELSE exit with error status 


DISCONNECT Software Sequence 
PROC (disconnect) 


negate DMAE, PORTE 
set SFC to DISCONNECT; assert PORTE 
wait for completion 
negate PORTE 
exit with normal status 
END 
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Hardware Description 

The SCSI Interface described in this document 
is implemented using three Programmable 
Logic Devices and a hand-full of FAST SSI/Oc- 
tals. Referring to the schematic in Figure 4-30 
(page 4—46), the functions of the different com- 
ponents are as follows: 


U6 — (74F244) Port STATUS Register 
U7 -— (74F273) Port COMMAND Register 
U1 -— (74F374) DATA OUT Register 

U2 -— (74F374) DATA IN Register 


U8 -— (74F273) : SCSI Bus signals Synchronization 
: Partial Status Latch 


U4 — (74145) Asserts proper signal on SCSI bus during Arbitration. 


U5 -— (PLUS153B): Register Decode 
: 3-bit TARGET ID Register. 


U3 -— (PLUS153B) :Parity Generator/Checker 
‘Arbitration Win Detection 
‘Port Selected Detection 


U9 -— (PLUS105)_ : Executes all commands 
: Controls handshake with DMA controller 
: Controls REQ/ACK Handshake with SCSI Bus 
: Detects “bus free” state 
: Implements “arbitration delay” 


74F 38's — High Current, Open Collector Drivers for SCS! Bus 
74F 14's — Schmitt Trigger Input Receivers for SCSI Bus 
NOTES: 


1. The interface requires an 8MHz Clock. The throughput of the interface can be increased by operating this circuit at 24MHz by using the 
PLUS405. 


2. The interface is initialized by an active low signal: /SYSRESET 
3. The DMA Interface consists of four signals: 
DMAENBL —- Software controlled DMA Enable 
DMAREQ- - asserted by the port (PLS105A) for each byte transfer 
/DMACYCLE —- asserted by DMA controller as a response to DMAREQ 
/DMACNTO —- asserted when the DMA transfer count reaches 0 
4. The processor (local intelligence) interface consists of 5 signals 
Ai, AO ~ The two least significant address bits 
ISYSSEL  - A block decode signal for the SCSI Port 
ISYSREAD -—- Active low, READ signal 
0 —- READ 
1-—WRITE 


/INTERRUPT— Active low, Open collector Interrupt 
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@DEVICE TYPE 


PLUSIO5 


@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMP ANY 
@NAME 


@DESCRIPTION 


@PINLIST 


“P INLABEL 
8MHZ 
/DMACNTO 
PORTENB 
SELECTED 
WONARB 
BBUSY 
BSELECT 
BACK 
BRESET 
CBUSY 
CSELECT 
REQUEST 
/ARBITRATE 
GND 
SFCMPL 
SPARERR 
SDRVENB 
DMAREQ 
LOW 
ICBUSY 
ICSELECT 
IREQUEST 
PARERROR 
ETLSCSI 
SFCl 

SFCO 
/DMACYCLE 
Vcc 
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DNW-SIG-105 

A 

L1-29-8 7 

U9 

SIGNETICS 
DIMITRIOUS DOUROS 
SCSI CONTROLLER 


<--REFERENCE-->” 

PIN # PIN FCT PIN ID OE CTRL” 
CK CLK : 

17 

16 

15 

14 

i 

12 

Tl 

10 

F7 

F6 

FS 

F4 

GND 

F3 

F2 

Fl 

FO 

PR/OE 

Li5 

114 

113 

112 

T11 

110 

19 

18 


+5V 


Figure 4-24. PLUS105 SCSI_CTL Pinlist 
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@ INTERNAL SR FLIP FLOP LABELS 
Q0 Q1 QO2 Q3 04 Q5 


@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@LOGIC EQUATION 
@DEVICE SELECTION 
SCSI_CTL/PLS105 
@INPUT VECTORS 
[PORTENB, SFC1, SFCO] 
“COMMAND CODE DEFINITIONS” 
DISCONNECT = 100B; 
DATA_XFER = 101B; 
RESELECT = 110B; 
ARB_COMMAND = 111B; 


@OUTPUT VECTORS 


[CBUSY, CSELECT, REQUEST, /ARBITRATE, SFCMPL, SPARERR, 
SDRVENB, DMAREQ] 


“DISCONNECT STATE OUTPUTS” 
DISCNCT OUT’ 00011000B; 
“POWER-UP STATE OUTPUTS” 


POWER_UP_OUT’ = 00010000B; 
@STATE VECTORS 
(Q5,04,03,Q2,Q1,Q0] 


“INITIALIZATION, IDLE, AND DON’T CARE STATES” 


POWER_UP 
IDLE= 1FH; 
ANY STATE 


“PORT SELECTED RESPONSE STATES” 


SELECTED 1 
SELECTED 2 
SELECTED 3 
SELECTED 4 


“RESELECT STATE SEQUENCE” 


RESELECT 1 10H; 
RESELECT 2 11H; 
RESELECT 3 12H; 
RESELECT 4 13H; 
RESELECT 5 3BH; 
RESELECT 6 33H; 


Figure 4-25.1 PLUS105 SCSI_CTL .SEE File (continued) 
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“ARBITRATION STATE SEQUENCE” 


ARBITRATE 1 00H; 
ARBITRATE 2 = OFH; 
ARB DELAY GO 20H; 

ARB DELAY IP = 10----B; 
ARB DELAY QU = 2EH; 


“DATA TRANSFER SEQUENCE” 


DATA_XFER_1 = 14H; 
DATA_XFER 2 = 15H; 
DATA_XFER_3 16H; 
DATA _XFER 4 = 17H; 
DATA_XFER_5 34H; 
DATA_XFER SL = 1AH; 


“EVENT COMPLETION SEQUENCE” 


COMPLETE 1 = 1CH; 
COMPLETE 2 = 1EH; 


@TRANSITIONS 


[POWER_UP] 


(] 
THEN [IDLE] WITH [POWER_UP_OUT’] 


[ANY STATE] 
[BRESET] 
THEN [COMPLETE 1] WITH [DISCNCT OUT’ ] 


[/BRESET*DISCONNECT*ICBUSY] 
THEN [COMPLETE 1] WITH [DISCNCT OUT’ ] 


Figure 4-25.2 PLUS105 SCSI_CTL .SEE File (continued) 
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WHILE [IDLE] 
Le {[/BRESET* /BSELECT* /BBUSY*RESELECT* ICBUSY* ICSELECT] 
THEN [RESELECT 1] WITH [CBUSY’,CSELECT’ , SDRVENB’ , DMAREQ’ ] 


WHILE [RESELECT 1] 
Ie [/BRESET*DMACYCLE] 
THEN [RESELECT 2] WITH [/DMAREQ’ ] 


[RESELECT 2] 
[/BRESET] 
THEN [RESELECT 3] 


[RESELECT 3] 
[/BRESET] 
THEN [RESELECT 4] 


[RESELECT 4] 
[ /BRESET* ICBUSY] 
THEN [RESELECT 5] 


[RESELECT 5] 

[/BRESET* ICBUSY] 

THEN [RESELECT 5] WITH [/CBUSY’ } 
[/BRESET*/ICBUSY] 

THEN [RESELECT 6] 


[RESELECT 6] 
[/BRESET*/ICBUSY*BBUSY] 
THEN [COMPLETE 1] WITH [CBUSY’,/CSELECT’ ,SFCMPL’ ] 


PORT SELECTED RESPONSE =-=<-==---—- 


[IDLE] 
[/BRESET*PROTENB*/ ICBUSY*/ ICSELECT*/BBUSY*BSELECT*SELECTED* /PARERROR] 
THEN [SELECTED 1] WITH [SFCMPL’, DMAREQ’ ] 


WHILE [SELECTED 1] 
IF [/BRESET*/PORTENB*DMACYCLE] 
THEN [SELECTED 2] WITH [CBUSY’,/SFCMPL’,SDRVENB’ , /DMAREQ’ ] 


[SELECTED 2] 
[/BRESET ] 
THEN [SELECTED 3] 


[SELECTED 3] 
[/BRESET] 
THEN [SELECTED 4] WITH [SFCMPL’] 


[SELECTED 4] 
[ /BRESET*PORTENB] 
THEN [COMPLETE 1] 


Figure 4-25.3 PLUS105 SCSI_CTL.SEE File (continued) 
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WHILE [IDLE] 
IF [/BRESET*ARB COMMAND*/ICBUSY*/BBUSY*/BSELECT] 
THEN [ARBITRATE 1] 


WHILE [ARBITRATE 1] 
IF {/BRESET* (BBUSY+BSELECT) ] 
THEN [IDLE] 
iF {/BRESET*/BBUSY*/BSELECT ] 
THEN [ARB DELAY GO] WITH [CBUSY’, ARBITRATE’ , SDRVENB’ ] 


[ARB DELAY IP] 
[/BRESET*Q0] 

THEN [/Q0] 
[/BRESET*/Q0] 

THEN [Q0] 
[/BRESET*Q1*Q0] 

THEN [/Q1] 
[/BRESET*/Q1*Q0] 

THEN [Q1] 

[ /BRESET*Q2*Q1*Q0] 
THEN [/Q2] 
[BRESET*/Q2*Q1*Q0] 
THEN [02] 
[/BRESET*/Q3*Q2*Q1*Q0 } 
THEN [03] 
[/BRESET*ARB DELAY QU] 
THEN [ARBITRATE 2] 


[ARBITRATE 2] 

[ /BRESET* /BSELECT*WONARB ] 

THEN [COMPLETE 1] WITH [CSELECT’,/ARBITRATE’ , SFCMPL’ ] 
[/BRESET*BSELECT ] 

THEN [IDLE] WITH [/CBUSY’, /ARBITRATE’ , /SDRVENB’ ] 


DATA TRANSFER SEQUENCE ------- 


[IDLE] 

[/BRESET* ICBUSY*/ICSELECT*DATA_XFER*CTLSCSI] 
THEN [DATA _XFER_1] WITH [REQUEST’ ] 

[/BRESET* ICBUSY*/ICSELECT*DATA XFER*/CTLSCST] 
THEN [DATA _XFER-1] WITH [DMAREQ’ ] 


[DATA _XFER_1] 
[BRESET*PROTENB* IREQUEST *BACK ] 
THEN [DATA _XFER_1] WITH [DMAREQ’ ] 
[ /BRESET*PORTENB*DMACYCLE ] 

THEN [DATA_XFER 2] WITH [/DMAREQ’ ] 


[DATA_XFER_2] 
[/BRESET] 
THEN [DATA _XFER_3] 


[DATA_XFER_ 3] 
[/BRESET] 
THEN [DATA _XFER_4] 


Figure 4-25.4 PLUS105 SCSI_CTL .SEE File (continued) 
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[DATA_XFER_4] 
[/BRESET*PORTENB* /PARERROR*DMACNTO*/CTLSCST] 
THEN [COMPLETE 1] WITH [SFCMPL! ] 

[ /BRESET*PORTENB* /PARERROR* SMACNTO*CTLSCST] 
THEN [DATA_XFER_5] WITH [REQUEST’ ] 

[ /BRESET*PORTENB* /PARERROR*/SMACNTO] 

THEN [DATA_XFER_1] WITH [REQUEST’ ] 

[ /BRESET* /PORTENB] 

THEN [DATA_XFER SL] WITH [SFCMPL’ ] 

[ /BRESET*PORTENB*PARERROR ] 

THEN [COMPLETE 1] WITH [SFCMPL’,SPARERR’ ] 


[DATA_XFER_5] 
[ /BRESET* IREQUEST *BACK] 
THEN [COMPLETE 1] WITH [SFCMPL’ ] 


COMMAND COMPLETION SEQUENCE - 


[COMPLETE 1} 
[/BRESET*/PORTENB] 
THEN [COMPLETE 2] WITH [/SFCMPL’,/SPARERR’ ] 


[COMPLETE 2] 
[ /BRESET*PORTENB] 
THEN [IDLE] 


[IDLE] 
[/BRESET* /BSELECT* / TICBUSY*/SFC1*/SPCO | 
THEN [IDLE] 


Figure 4-25.5 PLUS105 SCSI_CTL.SEE File (end) 
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@DEVICE TYPE 


PLUS153 


SIGNETICS 
ASP APPLICATIONS GROUP 
CSI TARGET CONTROLLER. ARBITRATION/SELECTION LOGIC 


<--REFERENCE-->" 

“PINLABEL PIN # PIN FCT PIN ID OE CTRL” 
SDO I0 ; 
SD1 ime 

SDZ IZ 

SDS 13 

SD4 14 

SD5 45 

SD6é it 

SD7 Tt? 

PAR1 BO 

GND GND 

PAR2 Bl 

IDO B2 

ID1 B3 

ID2 B4 

A-WONARB BS 
A-SELECTED B6é 

PARERROR B7 

GEN-PAR B8 

REC-PAR B9 

VCC VCC 


HOOOOHHHODOHHHHHHRWHa 4] 
— 


Figure 4-26. PLUS153 SCSI_ARB Pinlist 


August 1989 745 


Signetics Programmable Logic Devices 


Programmable Logic Design 
and Application Notes 


@COMMON PRODUCT TERM 
MAX-ID-MATCH = ID1 * ID1 * ID2 
@I/O DIRECTION 
@LOGIC EQUATION 
A-SELECTED = IDO * /ID1 /ID2 SD1 
/IDO * ID1 /ID2 SD2 
IDO * ID1 /ID2 SD3 
/IDO * JIDI ID2 SD4 
IDO * /ID1 ID2 SD5 
/IDO * ID1 ID2 SD6 
MAX-ID-MATCH ; 
A-WONARB IDO * /ID1 #ID2 SD1 /SD2 /SD4 * /SD5 x /SD6 * 
/SD7 
/IDO * ID1 fID2 SD2 /SD3 /SD5 * /SD6 * /SD7 
IDO * ID1 /ID2 * SD3 /SD4 /SD6 * /SD?T 
/IDO * /ID1 ID2 SD4 * /SD5 /SD7 
IDO * /ID1 ID2 * SDS /SD6 
/IDO * IDl ID2 SD6 /SD7 
MAX-ID-MATCH ; 
PARITY GENERATOR ( PAR] AND PAR2 ARE PARTIAL TERMS ). 
SDO /SD1 * /SD2 
/SDO SD1 * /SD2 
/SDO /SD1 * SD2 
SDO SD1 * SD2 
SD3 /SD4 * /SD5 
/SD3 SD4 * /SD5 
/SD3 /SD4 * SDS 
SD3 SD4 SD5 
GEN-PAR PARI * PAR2 /SD6 
PARI * /PAR2 SD6 
PARI * /PAR2 /SD6 
PARI * PAR2 SD6 
/PAR1 */PAR2 /SD6 
/PAR1 * PAR2 SD6 
/PAR1L * PAR2 /SD6 SD7 
/PAR1 */PAR2 SD6 SD7 ; 
“PARITY ERROR GENERATOR. ERROR FLAGGED IF RECEIVED PARITY IS DIFFERENT 
FROM CALCULATED PARITY.” 
PARERROR = /GEN-PAR * REC-PAR 
+ GEN-PAR * /REC-PAR ; 


/SD7 
/SD7 
SD7 
SD7 
/SD7 
/SD7 


+ + ££ £ + HF 


Figure 4-27. PLUS153 SCSI_ARB .BEE File 
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@DEVICE TYPE 


PLUS153 


SIGNETICS 
ASP APPLICATIONS GROUP 
SCSI TARGET CONTROLLER. REGISTER CONTROL LOGIC 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN ID OE_ CTRL” 
/DMACYCLE 10 
AO Il 
Al I2 
/SYSREAD 13 
/SYSSEL 14 
DBO Is 
DB1l 16 
DB2 17 
SDRVENB BO 
GND GND 
STLsScst Bl 
/WRCTRL B2 
/RDSTAT B3 
/RDDATA B4 
IDO B5 
ID1 
ID2 
BUFENBL 
/WRDATA 
Vcc 


Bi 
I 
I 
I 
ul 
I 
£ 
x 
I 
0 


V 


KH 


Figure 4-28. PLUS153 SCSI_DCD Pinlist 
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@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 
BUFENBL = SDRVENB ; 


SCSI CONTROLLER REGISTER MAP 


/DMACYCLE CTLSCSI | /SYSSEL | /SYSREAD FUNCTION 


READ STATUS REG. 

WRITE CONTROL REG. 

DATA BUFFER - READ 
- WRITE 

-- NOT VALID -- 

SET TARGET ID 

DMA : SCSI -> SYSTEM 

DMA : SYSTEM -> SCSI 


xx KM KR RrR OO 


L 0 
H 0 
L 0 
H 0 
L 1 
H 1 
Xx X 
X X 


/RDSTAT ( /DMACYCLE * SYSSEL * /AO * /Al * SYSREAD ) ; 
/WRCTRL ( /DMACYCLE * SYSSEL * /AO * /Al * /SYSREAD ) ; 


/RDDATA ( /DMACYCLE * SYSSEL * AO * /Al * SYSREAD 
+ DMACYCLE * /CTLSCSI ) ; 


/WRDATA ( /DMACYCLE * SYSSEL * AO */Al * /SYSREAD 
+ DMACYCLE * CTLSCSI ) ; 


IDO-2 ARE THE TARGET ID CODE. THE ID REGISTER IS IMPLEMENTED 
IN THE PLUS153 BY SUPPLYING A SET TERM ( WITH DBO-2 ) AND A 
HOLD TERM ( WITH IDO-2 ). 

/DMACYCLE SYSSEL Al /SYSREAD DBO 

/DMACYCLE SYSSEL Al /SYSREAD IDO 

/DMACYCLE SYSSEL Al /SYSREAD DB1 

/DMACYCLE SYSSEL Al /SYSREAD ID1 

/DMACYCLE SYSSEL Al /SYSREAD DB2 

/DMACYCLE SYSSEL Al /SYSREAD ID2 


Figure 4-29. PLUS153 SCSI_DCD .BEE File 
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/DMARED 
INTERRUPT 
O 
/DNRENBL 
! MESSAGE 
/COMMAND 
/ REQUEST 


COMMAND 
SDRUENB 
SECMPL 
PLS105A 
ug 


/ ARBITRATE 


PARERROR 
PORTENB 
SELECTED 
MONARB 
BSELECT 


B4 


PLUS153B = 
U3 


i=] 
o 
> 
mb @©ows ON er CO 


= 
— 


| WADATA 


oaaqaqoaoeaaosa 


oir Lad 
a ed 
Lod Qa 


/DMACNTO 


!DMACYCLE 

/ ATTENTION 

/ ACKNOWLEDGE 
/SYSRESET 


ISYSREAD 
8MHz 


1 
AO 
SELECT 
320 
O 
O 


Figure 4-30. SCSI Target Interface 
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COMMUNICATIONS USING PLDs 

PLD devices are particularly appropriate 
for digital communications. High speed 
sequencers form a natural means of 
handshaking and protocol checking, 
where PLAs and PALs can decode paral- 
lel header information. But, PLDs fill a 
need for digital communications—that of 
the emerging “standard”. Once an initial 
specification for a communication proto- 
col is agreed upon, the manufacturers 
may generate product to meet the current 
specification. This will probably not em- 
body the final specification, but will closely 
resemble it. Unfortunately, the penalty for 
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having to redesign a gate array is relative- 
ly high should a communication protocol 
be implemented in one and require 
change. A PLD solution is an ideal em- 
bodiment for a product designed to imple- 
ment an emerging standard because it 
can be changed when the “standard” 
changes. 


This section covers several examples of 
data communication designs from whole 
protocols to simple scramblers—along 
with a customizable speech synthesis 
system using the Philips PCF8200. 


D, = Dj + DsX—-® + DgX—? 
D; = Ds (1 + X-& + D X-? 


The CCITT V.27 Scrambler — 
PLC18V8Z 

The Radio Shack publication “Under- 
standing Data Communications” contains 
a brief description of the CCITT V.27 
recommended scrambler for use with 
4800bps modems. The logic diagram for 
this circuit is aserialcascade of D flip-flops 
with Exclusive—OR gates tapped in and 
out of the data stream. This class of 
machines implements transformations 
based upon Galois polynomials which are 
often described by linear sequential ma- 
chines (i.e., D-FFs and EX—OR gates). 
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Figure 5-1. CCITT V.27 Scrambler 
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File Name: CCITT V.27 Scrambler 
Date: 10/31/1988 
Time: 6s Ly 24 


@DEVICE TYPE 
PLC18V8Z 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<--REFERENCE-->” 
“PINLABEL PIN # PIN FCT PIN ID OE CTRL” 
CLOCK CLK I0/CLK : 
DIN I T1 
N/C I EZ 
N/C is 
N/C 14 
N/C I5 
N/C 16 
N/C T7 
N/C 18 
GND GND 
ENA 19//0E 
X1 BO 
X2 Bl 
X3 B2 
X4 B3 
XS B4 
X6 BS 
X7 B6é 
DOUT B7 
vec 5V VCC 


+ DOD VDVDVVDV UD UD ™N™ OH HHH Wa 


@COMMON PRODUCT TERM “CPT LABEL = (expression) ” 
@I/O DIRECTION 
D7 = 1 3: 
@LOGIC EQUATION 
DOUT X7*/X6*/DIN + /X7*X6*/DIN + X7*X6*DIN + /X7*/XE*DIN ; 
X1: = DOUT : 
X2 s pal : 
X3: X2 
X4: X3 
Kot x4 
X68 X5 
X7iz X6 


UU UU UO ® il 


Figure 5-2. V.27 Scrambler 
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A Novel Speech Synthesizer — 
PLS159A 


The goal of this design was to build a small 
board capable of transmitting a variety of verbal 
messages in conjunction with the Philips 
PCF8200 speech synthesis part. Judicious 
partitioning resulted in a PLS159A acting as a 
controller, an HC4040 counter addressing an 
EPROM and an EPROM which provides binary 
data to the PCF8200. 


@DEVICE TYPE 
PLS159 
@DRAWING 


The PLS159A transacts with the PCF8200 
(Busy, etc.) and controls pulsing to the 
HC4040. Upon asserting the pushbutton, the 
cycle begins and proceeds to advance the 
HC4040 in increments 3FF (HEX) consecutive 
addresses. Figure 5-6 shows the system in full 
detail. The ultimate signal comes from the 
8200, and drives an op—amp which delivers the 
final signal to the speaker. Various R-C combi- 
nations implement filtering and a simple pot 
provides the level control. 


PLD CONTROLLER FOR PCF8200 SPEECH SYNTHESIZER 


9/07/88 


PLS1539 


SIGNETICS CORPORATION 


@DESCRIPTION 


Programming the EPROM was accomplished 
by capturing short messages on audio tape, 
downloading to a Philips PCF8200 develop- 
ment system which analyzes and compresses 
the data for efficient storage. The result is an 
EPROM file which needs 3FF HEX addresses 
to store about 10sec of speech. 


Figure 5-9 shows the AMAZE state equation 
entry file for the PLS159A which handshakes 
with the 8200 and 4040 parts. 


This circuit will perform most functions required to achieve a minimum 
configuration PCF8200 speech synthesizer system. 


REV-A **Original design modified to work in existing ASP demo board. 


xxx 


REV-B **Fixed SEE/BEE file to eliminate random quits during utterances 
1)Gray code for sequencer. 
2) Input latch added on REQ signal from PCF8200 for 
synchronization 


FUNCTIONS PERFORMED: 


1.System Oscillator for sequencer controller 
2.Byte update control via EPROM to PCF8200 


@PINLIST 


> <--REFERENCE=->” 


“PINLABEL PIN # PIN FCT 
6 MHZ IN CK 
REQ I 
BUSY I 
END_ADRS 

N/C 

RC 

6 MHZ OUT 

START REQ 

N/C 

GND 

N/C 

SvO0 

Svl 

SV2 

N/C 

REQLATCH 

RESET 

COUNT 

WRITE 

vcc 
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PIN ID 


OE CTRL” 


CK 
I0 
Il 
LZ 
I3 
BO 
Bl 
B2 
B3 
GND 
/OE 
FO 
Fil 
F2 
F3 
F4 
ES 
F6 
EF’) 
VCC 


Figure 5-3. PLS159A SPEECHB Pinlist 
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@COMMON PRODUCT TERM 


@COMPLEMENT ARRAY 
@I/O DIRECTION 

DO = 6 MHZ OUT; 
@FLIP FLOP CONTROL 
FC 


@OUTPUT ENABLE 
EA is 

EB 

@REGISTER LOAD 


@ASYNCHRONOUS PRESET/RESET 
@FLIP FLOP MODE 


@LOGIC EQUATION 

“  ** OSCILLATOR SECTION ” 
6 MHZ OUT = RC; 

RC = /{(i) 3 

“LATCH FOR SYNCHRONIZATION 
OF PLD AND SPEECH CHIP 
CLOCKS” 

“CAPTURE OF REQ SIGNAL FROM 
PCF8200” 


/REQLATCH : = /REQ; 
= REQ; 


Figure 5-4. PLS159A SPEECHB 
-BEE File 
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@DEVICE SELECTION 
SPEECHB/PLS159 


“REVISION-B” 


@STATE VECTORS 
[SV2 , SV1 , SVO] 


so 000 
S1 011 
S2 101 
§3 110 
S4 100 
S5 010 
S6 111 


@INPUT VECTORS 
@OUTPUT VECTORS 
@TRANSITIONS 


“Initialization at powerup” 


WHILE [ SO 


TF ] THEN [ Sl ] WITH [ /RESET’, WRITE’, 


] 

[ 

WHILE [ S6 ] 
IF [ 


]) THEN [ Sl ] WITH [ /RESET’, WRITE’, 
for Start switch to be depressed” 


{ Sl ] 


COUNT’ ] 


COUNT’ ] 


IF [/START REQ * /BUSY] THEN [ S2 ] WITH [/WRITE’ ] 


S2 ] 
IF [ ] THEN [ S3 ] WITH [ WRITE’ , COUNT’ ] 


s3 | 
IF [ ] THEN [ S4 ] WITH [/COUNT’ ] 


S4 ] 


[REQLATCH] THEN [ S5 ] WITH [/WRITE’, COUNT’ ] 
[END ADRS + /BUSY] THEN [ S6 ] WITH [RESET’ } 


] 
[/REQLATCH] THEN [ S3 ] WITH [ WRITE’ ] 


Figure 5-5. PLS159A SPEECHB .SEE File 
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Sl 
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+5V 
510PF 
U1 
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4 
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CCITT Forward CRC Polynomial — 
PLUS405 


This application illustrates the use of Signetics 
PLUS405 in a high speed data communication 
application. Typically, larger polynomial encod- 
ers permit error checking over larger data 
streams than smaller ones. This design imple- 
ments a sixteenth order polynomial and the fig- 
ures that follow show the logic equations to 
implement it. 


File Name ere gen 
Date 10/30/1987 
Time i1lsiis2 


@DEVICE TYPE 
PLUS405 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 


File Name ere gen 
Date 10/30/1987 
Time Lis10756 


Lisf 


LABEL 
CLK 
N/C 
N/C 

D 

N/C 


XI13 
X1I14 
XI15 
XI16 
XO16 
XO15 
XO14 
X0O13 
GND 


OOOd0O0 OHHHHRHHARWRAa 


Figure 5-7. PLUS405 Pinlist 


This design implements the CRC-CCITT forward polynomial with a PLUS405. 


The CRC-CCITT forward polynomial is 


= 1] + X¥*5 + X*12 + X16 


HHHHHEHHRE RHE RE HEE HH 


FNC 


+5V 


LABEL 
VCC 

G 

N/C 
N/C 
N/C 
X1I12 
XI11 
XI10 
X19 
RESET 
X09 
XO10 
XO11 
XO12 


NOTE: Since this polynomial requires a 16-bit shift register together 
with an array of exclusive-OR’s the contents of the 8 output flip-flops 
must be fed back into the array via the input pins of the PLUS405. 

Bits 1 to 8 are formed with the 8-bit internal register while the 
remaining 8-bits are made out of the 8-bit output register the outputs 
of which are externally fed back to inputs XI9 through XI16. 


@INTERNAL FLIP FLOP LABELS 
X1, X2, X3, X4, X5, X6, X7, X8 


@COMMON PRODUCT TERM 


@COMPLEMENT ARRAY 
@BURIED REGISTER CLOCK 
@INIT/OE 
RESET = RO, Rl, R2, R3, R4, R5, R6, RT, 
R8, R9, R10, Rll, R12, R13, R14, R15 ; 


Figure 5-8. PLUS405 Design File 
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@LOGIC EQUATION 

18 II I II I IO I I II I I III I I I I I I ie 
a X1 : INPUT (D XOR XI16) * G - 
x = (/D * 3016 * G) + ( D *® fxXTl6e * G); ** 


Ok KK Ok Kk Ok OK kok Ok kok ok ok kok ok kok kok ok okok kok ok ok kok okokokokok kok okokok kok okokokokokok kok ok kok kok kok kok 


Xl: = (D * /XI16 * G) + (/D * XI16 * G) ; 
/G + (D * XI16) + (/D * /XI16) ; 


X1 
/X1 


X2 
/X2 


X3 
/X3 


J X4 
K /X4 


KKK KK KKK KKK KKK KKK KK KK KKK KK KKK KKK KKK KKK KKK KKK KK KK KKK KO kK Ok 


7 X6 : INPUT = X5 XOR (( D XOR XI16) * G) ; ” % 


KKK KKK KKK KKK KK KOK KK KK KOK kkk kk kok Ok Ok Ok kok kk Oko Ok Ok Ok kok kok ok Ook Ok ok ok ok ok ok ok ok kok 


x6 2 J (/6 * X5) + (/D * 5 * KIDVG) + (BD * ZS * XT16) 
(GC * D * /X5 * /XI16) + (G * /D * /¥5 * XI1G) ; 
K (/G © (/X5) + (BD * 7X5 * STIG) + (4D * (XS * /XT16) 
(G * D * KS * /EI1G) + (4G * /D * XS * XI1G) = 


X6 
/X6 


X7 
/X7 


X8 
/X8 


X19 
/XI9 


XI10 
/X1I10 


XO12:J MI11 
K {Rill 3: 


wR RK RR KK KKK KKK KKK KKK KK KKK KOK KO OK kok kok kok ok ok Kk ok oko kok ok ok ok ok oko ok ok ok ok ok ok kok 


x X13 :INPUT = X12 XOR (( D XOR XI16 ) * G) ; ”%” * 
FIO OO IO I III II IOI II II II II III II II II IO IO I I II IO IO I Ik 


XO13 : (/G * XI12) + (/D * XI12 * XT16) + (D * XT12 * XI16) 
(G * D * /XT12 * /XI16) + (G */D fRII2 * RTAG) ; 
(/G * KXT12) + (> * fXI12 * XI16) + (/BD * fXT12 * /XI16)+ 
(G * BD * X¥Fi2 * /XI16) + (G * /D XIiz * XI16) ; 


XTI3) 3 
/XX13.2 


XI14 ; 
/X1I14; 


XLS § 
/X1I15; 


Figure 5-9 PLUS405 Logic Equations 
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INSTRUMENTATION 

Instrumentation typically involves the 
measurement and often the display of 
physical world parameters. Digital sys- 
tems are particularly effective in this area 
and as usual, are largely limited only by 
the designer’s imagination. This section 
describes three distinct examples of in- 
strumentation provided from customer in- 
teraction. 


The last design involves implementing the 
sweep circuitry for an oscilloscope. This 
can be extended and modified for similar 
designs. 


7 SEGMENT 
DISPLAY 


= 
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Another example is a pulse width monitor 
which can be used in controlling power 
pulses, radio strength or radar/sonar tim- 
ing measurements. 


The first example shows several parts be- 
ing used to make a plethysmographic 
monitor (i.e., heart rate). This has straight- 
forward medical and health applications. 
The beauty of PLD solutions to these 
problems is simple —they are readily mod- 
ifiable for adaption for another end use. 
The oscilloscope circuit could be altered 
for a laser light show. The pulse width 
monitor could pick up a timing pulse from 


MULTIPLY 
BY FOUR 


Figure 6-1. Heart Beat Monitor System Diagram 
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a disk and the plethysmographic system 
could be configured for animals rather 
than humans. 


Heart Beat Monitor — PLS159A, 
PLS168A and PLS153 

PLDs can be used as powerful building 
blocks in implementing the digital portion 
of a low cost portable heart beat monitor. 
This monitor is capable of displaying the 
heart beat in pulses per minute. Figure 6-1 
shows the system block diagram. The dig- 
ital portion is inside the dashed lines. 


COUNTER 
15 SEC 
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Operation 

A transducer generates the heart beat pulses 
which are amplified and filtered. A level detec- 
tor (one-shot) converts the amplified signals to 
TTL level signals. A 15 second timer is used to 
count the number of pulses in fifteen seconds. 
The number is multiplied by four to approximate 
the number of pulses in sixty seconds. A binary 
to BCD converter is used to display the result. 
A start switch resets the system and initiates 
the count. 


Transducer 
There are several techniques to monitor the 
blood flow in the peripheral system. These 


PHOTO 
RESISTOR 


1\ 


10K OHM 


Figure 6-2. Tektronix Plethysmograph as Transducer 
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HEART_BT_IN 


techniques include optical plethysmography, 
ultrasonic flow measurement, piezoelectric 
pickup of peripheral arterial pulse, Korotkoff 
sounds, and recording the ECG. 


Light plethysmography is used as the transduc- 
erin this design. The Tektronix light plethysmo- 
graph (Figure 6-2), operates by measuring the 
reflectance of skin to red light. As blood flows 
into the skin's capillary bed with each heart 
beat, the reflectance changes and this change 
is amplified and observed. 


Amplifier/Filter 
Signetics SA741 OP—amp is usedas bandpass 


TO AMPLIFIER/ 
FILTER SECTION 


758 


filter with a gain of 20, and a frequency re- 
sponse of 1-200 Hz. Figure 6-3 shows the cir- 
cuit diagram of the amplifier/filter stage. 


Level Detector PLS153 

The amplified signal is fed through the ‘Level 
Detector’ stage to create a square wave. A 
Schmitt—Trigger is used to generate the square 
wave. Application Note 18 in the Signetics PLD 
Data Manual explains the implementation of 
the Schmitt—Trigger in detail. APLS153 is used 
to create the Schmitt Trigger. The PLS153 also 
holds the glue logic and other functions for the 
system explained further in this article (see Fig- 
ure 6-4). 


Figure 6-3. Amplifier/Filter Stage 


5a HEART_BT_OUT 
< 


Figure 6-4. SCHMITT-TRIGGER Diagram 
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@DEVICE TYPE 
PLS153 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


<~-REFERENCE-->” 
PIN ID 


“P INLABEL 
SET 

RST 

HEART BT_IN 
15 SEC 

N/C 

N/C 

N/C 

N/C 

N/C 

GND 

RESET 
NTRESET 
NO_HRT BT 
HEART BT OUT 
BT IN 15 SEC 
N/C 

N/C 

N/C 

N/C 

vec 


PIN # PIN FCT 


I 


DANN MNBWNHYkFE 


I 
I 
I 
I 
I 
i 
ii 
B 
0 
O 
O 
O 
O 
O 
B 
B 
B 
B 


Figure 6-5. HTBT_153 Pinlist 


@COMMON PRODUCT TERM 
@I/O DIRECTION 
@LOGIC EQUATION 
“Level Detector 
HEART BT OUT = 
“Debouncer” 
RESET = 
NTRESET = 


HEART BT _IN; 


/RESET + /RST; 


“15 Second Timer ANDed with the output of the 


Level Detector” 
BT IN 15 SEC = 


Figure 6-6. HTBT_153 .BEE File 


Fifteen Second Timer 

To create a fifteen second timer, a counter can 
be constructed with the PLS168A such that the 
number of counts is equivalent to 15 seconds. 
To achieve this, the 60Hz signal from the power 
line is passed through a transformer and a half— 
wave rectifier to create the clock input to the 
PLS168A (see Figure 6-7). 

The number of counts needed to create the 15 
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(Schmitt Trigger)” 


/SET + /NTRESET; 


15 SEC * HEART BT OUT; 


OE CTRL” 
10 - ; 
rl 
12 
13 
14 
id 
16 
17 
BO 
GND 
Bl 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
BO 
vcc 


~~ 


second time interval is calculated in the follow- 
ing manner: 


15 seconds = 15 X 60 (cycles/seconds) = 900 


where ‘60’ is the 60Hz clock input to the 
PLS168A. 


Figure 6-8 shows the state transition diagram 
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= 
START/COUNT_END 


15 SEC TIMER 
(PLS168A) 
CLOCK INPUT 


START/COUNT_END 


START/COUNT_END 


START/COUNT_END 


START/COUNT_END 


START/COUNT_END 


Figure 6-8. State Transition Diagram 


+5V 


Figure 6-9. Circuit Diagram of Debouncer 


for the counter. Figure 6-10 is the timing dia- 
gram to generate the number of pulses in 15 se- 
conds. 

The reset switch is used to initiate the count. 
This switch is debounced using the PLS153 of 
Figure 6-4. Figure 6-9 shows the circuit dia- 
gram of the debouncer. The design equations 
for the debouncer are shown as part of the de- 
sign equation files of Figure 6-6. 
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If n = number of registers with feedback, then 


——— See ae COUNTS ae an n—bit counter can be created with any of 


Signetics sequencers using only n+1 terms. 


Table 6-1 shows the implementation of the 15 
second timer in the PLS168A. Input variable 10 
is the input from the reset switch and‘15_SEC’ 
is the Count_End signal. At the 900'" count 
(terms 12 & 13; HHHLLLLHLL), output'0’ goes 


/ f ’ 
to a logic low, indicating that the end of the 
ae —f © od count has been reached. 


HEART 
a | LILI LU 
ee | LILI LIL L 


INPUT TO 
PULSE 
COUNTER 


NUMBER OF PULSES 
IN 15 SECONDS 


Figure 6-10. PLS168 Timing Diagram 


Cust /Project -15 Second Timer with Reset 
Rev/I. D. > 
PLS168A 


OPTION P/E IL! 


INPUT VARIABLE ! PRESENT STATE $! NEXT STATE {OUTPUT ! 
5 0:9 87 
L! ; 
Ai- 
Th a, 
fin =, 
HI- 
fix = 
Bix = 
H!- 
Hi- 
H!H 
HIL 


-!L 


L!L 


| 


- 
~ 


. 
. 


~ 


~ 


+o OS Cero Ye Cots ORES Oe on] 
16 OS Dare OMe OO Oe OES OO oe 


~ 


Per Ee 
ee oa ak Sau) Cou 
Ser hie ee 


~ 
. 


lal 
L 
. 
Ht 
L 


. 


ps © Ore Oe OO Ore OMS PES OF om, 
}o Ofer e Ours Dime Dame Oars OMe Ours Cre OM omy 


~ 


EE 
a a 


~ 


a 


Es 


19! ! ! i J ! 
20! ! : ! : 


KKK KKK KKK KKK KKK KK KK KK KKK KOKO Kok KO Kok Kk Ok Ok ok ok kok kk kk kok KKK KKK KKK KK KKK KKK KKK KKK 


43!:K! ! i 
44!A! J : i 4 
45!A! ! : A 
46!A! ! ! 
47!A! ! ! 


Table 6-1. PLS168A Program Table 
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Each line (or term) in Table 6-1 is part of the 
state transition of the 15 second counter/timer. 
Term 11 is used to reset the counter when the 
‘RESET’ switch goes low. With Don’t Cares (-) 
in the ‘Present State’ column, any time reset 
becomes low, the counter resets to zero, re- 
gardless of the counter’s current state. Terms 
0-10 create the counter. The complement 
array is used to avoid any undefined states and 
also to force the counter to a Known state upon 
power up. 


To count the number of heart beats in 15 sec- 
onds, the end of count output of the 15 second 
timer is ANDed with the heart beat pulses. The 
result of this ‘AND’ function is the number of 
pulses in 15 seconds. This ‘AND’ function is 
also implemented in the PLS153 of Figure 6-4. 


Pulse Counter and Multiply by 
Four 

The resources on a single PLS159A can be 
used to construct the ‘pulse counter’ and ‘multi- 


ply by four’ portion of the heart beat monitor. 
Figure 6-11 shows the block diagram of the 
Counter, Shift-Register, and an internal oscilla- 
tor used as the clock for the shift—register. 


To calculate the number of heart beats in one 
minute, the counter first counts the number of 
heart beats in 15 seconds. The counter is 
clocked by the ‘NO_HRT_BT’ signal which is 
the number of heart beats in 15 seconds. 


When the fifteen seconds is over, the binary 
number stored in the counter is multiplied by 
four. The final value of this multiplication is the 
number of heart beats per minute. 


The shift register multiplies the binary output of 
the counter by four by shifting this value twice 
to the left. During the 15 second period within 
which the counter is counting the number of 
heart beats, the shift register is disabled. When 
the 15 second period is over the counter is dis- 
abled and the shift register and the oscillator 
which clocks the shift register are enabled. 


HEART BEAT 
15 SEC 


Figure 6-11. Counter Shift Register — Oscillator 
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The shift register and the counter use the same 
flip-flops. When the PLS159A is in the ‘counter’ 
mode, the flip-flops are ‘J—K’ type. When the 
PLS159A is in the shift register mode, the flip- 
flops are switched to ‘D’ type. 


CLOCK: The clock for the PLS 159A is supplied 
from two sources. The number of heart beats 
clocks the device when the PLS159A is in the 
counter mode. The oscillator takes over when 
the device is in the shift register mode. The 
combinatorial outputs of the PLS159A can be 
used to create the oscillator. Application Note 
13 (AN13) in the Signetics PLD Data Manual 
explains how this oscillator is implemented. 
Figure 6-12 shows the oscillator circuit dia- 
gram. 


The oscillator output is enabled when the 15 
second time period is over, so when the shift is 
over the outputs reflect the heart beat per min- 
ute in binary form. The maximum heart beat un- 
der extenuating circumstances can reach 300. 
Therefore, an 8—bit counter could measure a 
normal person's heart beat. 


OUTPUT 
TO CLOCK 


Figure 6-12. Oscillator Circuit 
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Binary Counter (Terms 0-7): Counts the number of Heart Beat Pulses 


Shift Register (Terms 8-14): Shifts the final count by 2 thus 
multiplying the result by four. 

Oscillator (Terms 16,17,D0,D1): Used to clock the PLS159 when in shift reg 
mode 

Flip Flop Control (FC): Switches the flip flop mode into ‘D’ 


0!:3.21.0!7 17 0:3 210! 
H!- - = =!- --! O1. 

H!- - - -!- -,- - 0 =!. 

H!- - - -!- ! O- -!. 

H! ! -~ -!, 

H!- 
H!- 
H!- 
H! - 
L!- 
L!- 
L!- 
L!- 
L!- 
L!- 


! 


Table 6-2. Binary Counter, Shift Register, and Oscillator 


Table 6-2 illustrates the implementation of the 
binary counter, shift register, and oscillator. ‘12’ 
is the RESET signal input. ‘l0’ is the ‘15 SEC’ 
signal input used to enable/disable the counter, 
shiftregister, and oscillator. ‘BO’ is the oscillator 
output used to clock the PLS159A when it is in 
the shift register mode. 
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Binary to BCD Converter 

82S135 and 825126 PROMs can be used to 
generate BCD code to drive three 7-segment 
displays. A look-up table is programmed in the 
PROMs to generate the correct BCD number. 
The 7—segmentdisplays have their own decod- 
ers and display drivers. Figure 6-13 shows the 
overall system diagram. 


HEART BT IN] AMPLIFIER 
— NT 


15 SEC 
15_ SECOND 
60Hz TIMER PLS153 | RESET 


| 
CLOCK UTILITY FUNCTIONS | +5V SWITCH | 


RESET 
pest No ware 


CLK PRESET 


PLS159A COUNTER SHIFT REGISTER 


ILLATOR} g 
8 


8 


444 
4 


Figure 6-13. Overall System Diagram 
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The Pulse Width Monitor — 
PLS168 


Simple in concept, this design was implem- 
ented at the fuse table level. Its elementary 
operationis that of a programmable timer which 
can detect a pulse condition exceeding a speci- 
fied duration. This customer used the partina 
system where the timer prevented the destruc- 
tion of expensive, high-power equipment. 


@DEVICE TYPE 

PLS168/BCA 

@DRAWING 

TRANSMITTER FAULT MONITOR 
@REVISION 

@DATE 

4/4/1988 

@ COMPANY 

@NAME 

@DESCRIPTION 

THIS DEVICE IS PROGRAMMED TO FUNCTION AS 12-BIT UP COUNTER RUNNING AT 2.5MHZ (400 NS BIT RESOLUTION 


/ TOT. CNT OF 1.64 MS). THE COUNTER IS DYNAMICALLY CONTROLLED TO START COUNTING WHEN THE (SIGIN) 
INPUT IS ASSERTED HIGH. 


IF THE (SIGIN) INPUT IS NOT NEGATED BY THE TIME THE COUNTER ELAPSES TO 105 US THE COUNTER ASSERTS 


THE ALARM OUTPUT HIGH. AT THIS POINT THE COUNTER CONTINUES TO COUNT UNTIL AN ELAPSED TIME OF 922 US 
+ 105 US (1.027 MS). 


THIS COUNT VALUE RESETS THE COUNTER BACK TO ZERO WHERE IT THEN IDLES UNTIL THE NEXT (SIGIN) INPUT 
REQUEST. 


DURING THE 922 US CYCLE COUNT THE SEQUENCER SAMPLES THE (SIGIN INPUT) EVERY 53 US. IF THE INPUT IS 


ASSERTED HIGH THE SEQUENCER WILL SET THE ALARM FLAG AND TIME OUT FOR THE SPECIFIED ALARM TIME OUT 
CYCLE (922 US). 


Figure 6-14.1 PLS168/BCA TRFDECT .BEE File (continued) 
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1 


(DETECT POINTS) (MODE) (ST) (F1 FO P9 P8 P7 P6 P3 PZ Pi 


(SIGIN) 


(SIGIN) . 


L 


L 


Figure 6-14.2 PLS168/BCA TRFDECT .BEE File (continued) 
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(SIGIN) 


(SIGIN) 


ALARM P 


IF THE (SIGIN) INPUT IS NEGATED BEFORE THE ELAPSED TIME OF 105 US THE COUNTER CONTINUES TO COUNT 
UNTIL THE ELAPSED TIME OF 955 MS. AT THIS POINT THE COUNTER AGAIN RESETS ITSELF UNTIL THE NEXT 
(SIGIN) INPUT REQUEST. 


DURING TEST MODE, THE SEQUENCER SAMPLES THE SIGIN PULSE AT A REPETITION RATE OF 72 US. WITH A 
PULSE WIDTH OF 6.5 US. THE TIME OUT FOR AN ALARM DETECT IS BASED ON SAMPLE A CHECK ONCE EVERY 5 
US, AFTER THE 10 US SAMPLE FOR SIGIN NEGATION. 

END 


Figure 6-14.3 PLS168/BCA TRFDECT .BEE File (end) 
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@PINLIST 
> <=--—REPERENCE-->” 
“P INLABEL PIN # PIN FCT PIN ID OE_CTRL” 
CLK CK CK : 
SIGIN LS 
N/C 14 
SIGDLYIN Es 
AIN LZ 
IAl Li 
IAO 10 
FAO FO 
FA1 Fl 
SIGDLYOUT F2 
ALARM cml F3 
GND 12 GND 
N/C 13 PO 
N/C 14 Pl 
N/C 15 P2 
N/C 16 P3 
/OE ue PR//OE 
N/C 18 Tit 
N/C 19 T10 
N/C 20 19 
N/C 21 18 
N/C 22 i? 
N/C 23 16 
VCC 24 SV VCC 


+ HHHHHHR DODO OODVOO OC OH HHH HHa 


Figure 6-15. PLS168/BCA TRFDECT Pinlist 


File Name : TRFDECT 
Date : 9/14/1988 
Time : 13:24:44 
Cust/Project 


Date 4/4/1988 
Rev/I. D. 


OPTION P/E 
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Table 6-3.1 Transmitter Fault Detector Program Table (continued) 


August 1989 767 


Signetics Programmable Logic Devices 


Programmable Logic Design 


and Application Notes 


fe 
a 

| 
1 
4 
a 
4 
4 
=] 
A 
A 
=) 
oo 
“I 
x 
an} 
ce 
7 
so) 
a0} 
ae) 
7 
| 
4 
c 
«J 
re) 
ra 6 

. 
ee 

| 

| 

| 

| 

| 

| 
-. 
“ 
a 


--BH LH LIL BALL ELL GL aILbLL LiaiLiLiting ti! 
-=H HH LIB GL LLELL AA LILLL Lb LL ti Bini Lh iL! 


IgfAl=- - =- == - H=-,H LH LIL LB BL Lyk L a LIL A,L LL bL bb Link = Lb 2! 


H Ht! 


L L! 
L L! 
L L! 
L L! 
L iL! 
L GL! 


Linh = 


iu 


LH,H Lb H!8 H,L HA DL, LL i= 


i 


Li,L LLG ab Lb bL 0 tb Lin - LL! 


T 
iu 


LL,H LLL!ILH,LLLLLLtL ui 


Ty 
i 


LLH AL AIL HL LLL, Lb 


i 


Lid = 


LH,L HH LIL H,L LLL,LLUL 


iu 


~H Gb kk Lib bb 
=H GL GL Lb H,H 
—~HL L LIA LL 
~f i ib LTR Go 


H=-,H LL LIH H,L LLL LL AILA,L LL LL LL Lif 


-,H L L L!H H,H 


\—HL Gb BIbLLLLEdS bea LibnLinabiab bb Ls 


,HL LA, AA LIL ALLL LLL L Lt 


HL L AIL Lb 


‘ 


-—~H-,H LL AIL Ab Lo LLL eB atk Bb GB bbb ob LIn - ZL Bb! 
B=B Lb Ib BALE LELL LILES bbhL,Gb LG Lif = b&b! 
*H-=F7 LL Ia LLL HLS RL LILES EL Lb bb LIne = 2 2! 
H-,H LL AI LBL A A,ob LL LILEL LL Lob LL LIB - Lo! 


L ii! 
L i! 
L L! 
L L! 
L L! 


—~H LL BIS B,LkGBHL AL BIL ALE ELL ib Lb GIs 
H=-H LL Ato HAL ABR LA GIL Bb LL GL,b Gb Gb GIs 
- BH --—H L 3 LIL Lib Lb A a, AB LIL E,L Lk bbb Lb Le - 


H=,H Lb H LIL HLBLE,LL A AIL ABELL kb LLL Gb L!Is 


-,H L H LIL H,L H HH, LL HI1L Ab LL Lb bb lb LIB 


~~H L. H HI H,L HABLA L BIL AGL LbLbb ib Lik - LL! 


H=,H Lb AAITo RAG LLG LAE LIL BELLE LLL & GI 
-~H-=-,8 L H HI HjH LL LAH EB LIL ALE LLG ib Lb LIA = bb! 


Ts, Ext 


H-;H L oH HI H,H LL a, LA LILGL LL Lb Lb Lb LIB - LL! 
H--~H Lb HHI H,H LHL,LAALILAL LLnL Gb LI - Gb BG! 


L L! 
L L! 


—,H Lb H HW! AH,H LH A,L LB HILLEL LLB obL b> b&b L's 
H --H L H H!IH H,H HLLLLL LIL AHL LLLLLL LIB - 


HR=-,H LS BIS BARBLGLAEALLILEBALL EEL Lb LIB - LL! 
~ H-,;,H LH HIE H,H ALAA LL AID AG LL Lobb hb LI = © LB! 


NNNNNNSNS ATI 


NNNNASEFF 
////ULIAA 
cecenze i 0 


Ye PS EFF EF TEAR 


Cececceegceegenii oO 


Table 6-3.2 Transmitter Fault Detector Program Table (end) 
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Scope Trace Sweep Circuit — 


PLS153 and PLS155 
Jerry Liebler submitted this spectrum analyzer 
sweep Circuit design. 


@DEVICE TYPE 
PLS153 
@DRAWING 
1 
@REVISION 
1 
@DATE 
1-27-88 
@SYMBOL 
@COMPANY 
Tektronix Inc. 
@NAME 
sweep logic 
@DESCRIPTION 
This chip forms the sweep logic circuit for the 2710 
spectrum analyzer. 
@PINLIST 

> <=-REFPERENCE-=>” 
*“P INLABEL PIN # PIN FCT PIN_ID OE_CTRL” 
EOSWP - I0 = ; 
TRIGIN 1 
SLOPE I2 
AUTOTRIG- 13 
SSTRIG 14 
SINGLSWP 
MANSWP - 
SGDIS 
HOLDOFF 
GND 
RSFFI2 
RSFFI1 
SGDFFI 
SSFDDO 
SSDFFI 
STIN 
STOUT 
SWPGATE- 
SWPGATEO 
VCE 


OWOHOODOOODOO OCOWHHHHHHHH 


+ 
wn 
< 


Figure 6-16. PLS153 SWP Pinlist 
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@COMMON PRODUCT TERM 

SWPTRIG=/ (EOSWP- )+/((STOUT*/STIN) +/AUTOTRIG-) +/SSDFFO+/RSFFI2; 
@I/O DIRECTION 

DO=RSFFI2; 

D8=/SWPGATE*/SGDIS; 

@LOGIC EQUATION 

RSFFI2=(EOSWP- )*/RSFFI1; 

RSFFI1=/HOLDOFF*/RSFFI2; 

SWPGATE = SGDFFI*/SWPTRIG + /MANSWP- + SWPGATE* (EOSWP- ) *SWPTRIG; 
SWPGATE- =0; : 

SGDFFI= SWPTRIG+/MANSWP-+ (/SWPTRIG* (EOSWP- ) *SGDFFTI) ; 

HOLDOFF = 0; 

STOUT=( (TRIGIN*/SLOPE) +(/TRIGIN*SLOPE) ) ; 

SSDFFO= SSDFFI*SSTRIG+/SINGLSWP+ (EOSWP- ) */SSTRIG*SSDFFO; 
SSDFFI= /SSTRIG+/SINGLSWP+(EOSWP- ) *SSTRIG*SSDFFI; 


Figure 6-17. PLS153 SWP .BEE File 


@DEVICE TYPE 
PLS155 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 
<=-REFPERENCE-->” 
“P INLABEL PIN # PIN FCT PIN ID OE CTRL” 
HCLOCK CK CK = : 
VSYNC 10 = ; 
ENDVSWP ae | 
VIDMON I2 
TC- Ls 
VIDMON- BO 
PE Bl 
VMTST B2 
FMVID- B3 
GND GND 
N/C /OE 
SWPGATE B4 
BLANK BS 
QBAR FO 
STO Fil 
sTl 
TRIGGER 
HSOUT 
HSIN 
VCC 


< 


w ag HHO OHHH WH 
@ 


) 


Se, Se Se Se 
O0O0°0 


Figure 6-18. PLS155 SWP3 Pinlist 
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@COMMON PRODUCT TERM 

@COMPLEMENT ARRAY 

@I/O DIRECTION 

d4=blank; 

@FLIP FLOP CONTROL 

@OUTPUT ENABLE 

@REGISTER LOAD 

@ASYNCHRONOUS PRESET/RESET 

@FLIP FLOP MODE 

m0=1; 

@LOGIC EQUATION 

blank=(/ (/qbar) thsout) *vidmont+vmtst*/fmvid-; 

swpgate=0; 

hsout=hsin’ 

vidmon-=/vidmon; 

/qbar : j=vsync*vidmon; 
k=endvswp+/vidmon; 

/trigger: d=/(tc-); 

pe-=/ (st0*/stl*vsync) ; 


Figure 6-19. PLS155 SWP3 .BEE File 
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@DEVICE SELECTION 
swp3/pls155 
@STATE VECTORS 
{stl,st0] 
odd =00b; 
stbl =Olb; 
stb2 =10b; 
even =11b; 
@INPUT VECTORS 
[VSYNC] 
vi =lb; 
notvi =0b; 
@OUTPUT VECTORS 
@TRANSITIONS 
while [odd] 
if [vi] then [stbl] 
if [notvi] then [odd] 


while [stbl] 
if [vi] then [stb2] 
if [notvi] then [odd] 


while [stb2] 
if [vi] then [stbl] 
if [notvi] then [even] 


while [even] 
if [vi] then [stbl] 
if [notvi] then [even] 


Figure 6-20. PLS155 SWP3 .SEE File 
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Motor Stepper Controller with the 
PLS155 

Jim Greene designed and constructed the 
Stepper Motor Controller. This circuit 
allows control of bidirectional stepper 
motors for both single wave drive (only 
One phase on at a given time), and 
2—phase drive (2 phases on at a time). 


1. The clock (CLK) input can be driven by 
acontinuous pulse train for steady rate 


1PHASE 
1PHASE 
1PHASE 
1PHASE 


2PHASE 
2PHASE 
2PHASE 
2PHASE 


Figure 7-1. Clock Phases for Stepper Control 
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movementor aclock that ramps up and 
down to provide for acceleration and 
deceleration. (Dependent on applica- 
tion.) 


. With the addition of control to another 


flip-flop, the PLS155 could provide 
half-step capability for finer resolution. 


. The preset and reset terms on the flip- 


flops could be used with a product term 
to provide an inhibit function if neces- 


sary. 


772 


4. The PLS155 will probably not have 
enough current drive for most stepper 
motor applications, therefore, a power 
buffer like the one shown (Figure 7-5) 
could be used. The components and 
values can be changed tofit your appli- 
cation. 


Figure 7-2 shows the PLS155 pinlist, 
Figure 7-4 the logic diagram, Figure 7-3 
corresponding design file, and Table 7-1 
the final program table. 


SIGNAL NAME 
1PHA 
1PHB 
1PHC 
1PHD 


2PHA 
2PHB 
2PHC 
2PHD 
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@DEVICE TYPE 
PLS155 
@DRAWING 
@REVISION 
@DATE 
@SYMBOL 
@COMPANY 
@NAME 
@DESCRIPTION 
@PINLIST 


> <--REFERENCE-->” 
“P INLABEL PIN # PIN FCT PIN ID OE CTRL” 
CLK CK CK 

DIR 10 

N/C Il 

N/C 2 

N/C ia 

2PHA BO 

2PHB Bl 

2PHC B2 

2PHD B3 

GND GND 

N/C /OE 

1PHA B4 

1PHB B5 

10 FO 

20 Fl 

N/C 
N/C 
1PHC 
1PHD 
vcc 


< 


eo OOOOH HHH 
ta 


oe) 


Ss Ss Se MK 
DBWOoo 


Figure 7-2. PLS155 STEP Pinlist 
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@COMMON PRODUCT TERM 

@COMPLEMENT ARRAY 

@I/O DIRECTION 
ad0-l2e dl=1; d2=1; d3=1; d4=1; dd5=1: d6=1; 
d7v=1; 

@FLIP FLOP CONTROL 
@OUTPUT ENABLE 

ea=0; 

@REGISTER LOAD 

la =0; 
@ASYNCHRONOUS PRESET/RESET 
ra=/1; 
@FLIP FLOP MODE 
ml = l; mO = l; 
@LOGIC EQUATION 
lphd = lq*2q; 
lphe 2q*/1q; 
lphb f2q*/ lq; 
lpha f2q* fla; 
2phnd = (lq*2q) * (2qt1q) + (/lqt/2q) * (/2q*/1¢q) ; 
2phe (2q*/1q) * (/lqt/2q) + (/2qt1q) * (1q*2q) ; 
2phb = (/2q*1q) * (/2q+1q) + (2q+/1q) * (2q*/1q) ; 
2pha (/2q*/1q) * (2qt+/1q) + (2q+1q) * (/2q*1q) ; 
/2q :3 /dir*/lqtlq*dir; 

/dir*/lqtlq*dir; 
flq +43 = 1; 
1; 


Figure 7-3. PLS155 STEP .BEE File 


1 
L Jusd Juzn ht, 2PHA 
7400°” 7400 4 pone 
(ae ) YB -—<opne 
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Dt 
| oe 2PHD 


1 
U3A U3B U3C U3D 
/ 7404 7404 7404 7404 


f 6 Q 
C1PHD] KA PHC} 4PHB <1PHAI 


Figure 7-4. Stepper Motor Logic Diagram 
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File Name : STEP 

Date : 9/14/1988 

Rev/I. D. 

PLS155 'FF TYPE! EB EA ! ! POLARITY 


' Q(p) 1! Q(n) !P IR! 
— omnes RIAIB!I A! 
3 ! Ol. af. «17 65 4 3 
“ls « « « ff 


=F, 


= J = a ee ! Ole « w «he « & nee cw 2. o! 
O00 0!0 0 O00 0!0 0 O!'A AA AIAA AA, AA A! 


KEKE KKK KEKE KK KK KKK wR Kok wR OK Kok Ook kok OK Ok kok Ok OK kK kok KK ok Ok Ok kk Ok Ok KOR KOK Ok kok OK OK OK Ok KK kOe 


KKK KEKE KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KK KKK KKK 


311010 0 0 Of0 O, 0 O!0 0,0 O!'OO O OIA AA A!IAAAA,AAA A! 
Felo!o O 90 OO 0,0 O O10 0, 0! 
Lb!.!0 0 0 O!0 0,0 O O19 0, 
Lats!O 0 0 O10 0,0 0 0!10 0, 
Diiqel-= sata - =10 ©, 
D6! .!- sae ian = ol fe 
DS f=t= ! = = his 
D4i,i- ! - ={- 
D3 }= t= ! =t< 
pele l= ! [= 
DLi-qt- 
DO!.!-+ 


N 


/ 
C 


Table 7-1. STEPPER CONTROL Program Table 


Ry 
R 470 OHMS le 


INDUCTOR 
PHASE A 


NOTES: 
D, Dz ARE IN4001 
Q, IS A 2N2222 
Qo IS A 2N3055 
D3IS A BY127 


Figure 7-5. STEPPER CONTROL Power Buffer 
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SECURITY SYSTEMS — 

Neil Kellet 

Security systems are typified by some 
sensing circuit (perceiving intrusion, fire, 
etc.) and some basic activation circuit. 
Simple logic or complex sequences may 
be used with the sensors or the alarm gen- 
eration circuits. Two of the following solu- 
tions utilize the innate capability of CMOS 
EPLDs to work well with RC timing circuits 
in generating time delays and relaxation 
oscillators. 


CON- 
TROL 
INPUTS 


PREATAK 


ALARM 
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A Programmable Alarm System — 
PLS168 

This design illustrates an expansion of the 
design using additional PLS153 devices 
which were deleted in this version for 
brevity. 


A basic alarm controller can be consid- 
ered as a black box with several inputs 
and several outputs (Figure 8-1). Some in- 
puts are used for detection and others for 


SOUNDER 
ALARM 
OUTPUTS 


CONTROLLER 


DETECT 


INPUTS ALARM 1 


STATUS 
INDICATOR 


Figure 8-1. Basic Alarm Controller 
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control. Detect inputs are driven from a va- 
riety of alarm transducers such as reed 
switches, smoke detectors, pressure 
mats, etc. An ARM input switches the sys- 
tem into a state which allows detection of 
the various alarm conditions and a AE- 
SET input is used to reset the system after 
an alarm has been triggered and dealt with 
or on re—entering the protected area. Out- 
puts from the system include a sounder, a 
beacon and status indicators. 
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per ata 
soun 5 


arm: eee 
sounder 


as 
sounder 


arm-fire-perata 
arm-reset/sounde 


Sounder—off delay- 
fire-(arm-reset/ 


sounde 


arm-reset/ 
sounder 


TO ST_NULL 


fire/sounder 


fire/sounder. 


re/sounder 


alarm 1-fire/sounder 
alarm 2-fire/sounder 
alarm 3-fire/sounder 


timed 1-fire 


alarm 1-fire/sounder. 
larm 2-fire/sounder. 
alarm 3-fire/sounder 
entry delay -fire/sounder: 


TO ST_NULL 


arm-reset/sounde 
<< fire/Sounde 


TO ST_4 


Figure 8-2. State Diagram for the Alarm Controller 


Detect inputs can be divided into timed, un- 
timed, fire and personal attack inputs. Timed 
circuits allow entry/exit delay circuits for front 
and rear doors, to delay operation of the alarm 
for approximately 16 seconds. Untimed circuits 
cause the alarm to operate immediately when 
an alarm condition occurs. These would be 
used to protect unusual means of entry, suchas 
windows. Both the timed and untimed circuits 
should operate only if the system is armed. 


The personal attack circuit is a special case un- 
timed circuit and should operate only when the 
system is disarmed. The fire—detect circuit is 
again a special case untimed circuit and should 
operate regardless of whether the system is 
armed or not. 


Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal attack 
triggers the system, the sounder should not 
turn off until the system is reset and the alarm 
condition removed. 


State Machine Implementation 

This design is best implemented as a state ma- 
chine. The state diagram is derived from the 
verbal system description. Please note from 
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Figure 8-2 the controller can be in one of six 
possible states. Examine the transitions from 
ST_NULL as an example. If a personal attack 
or fire condition occurs while in this state, a tran- 
sition to ST_1 takes place as indicated by the 
arrows on the diagram. Also at this time the 
sounder and beacon are activated, thus giving 
the alarm. If the fire and personal attack condi- 
tions have not occurred and the ARMSWITCH 
is set, then a transition to ST_0 takes place. 


Similarly, other arrows on the state diagram 
represent transitions between other states 
when specified input conditions occur. Output 
parameters are shown to the right of the slash 
line. Where there are no output parameters 
specified in a transition term, this indicates that 
no output changes are desired during this tran- 
sition. Thatis, an output will hold its present val- 
ue until told to change. 


PLD Implementation 

Having defined the desired system operation it 
is now time to select the required device to im- 
plement the desired system function from the 
PLD Data Manual. In this case, the device se- 
lectedis the PLS 168. Figure 8-3 shows the pin- 
ning information for the alarm controller. A 
10—bit counter within the controller produces 
the entry/exit and sounder turn-off delays since 
this makes more efficient use of the PLD facili- 
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exit delay -fire-(arm-reset) 


arm-rese 
sounder 


TO ST_NULL 


ties than implementing the delays as part of the 
state machine. This counter uses seven inter- 
nal registers with feedback and three without. 
For those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 20-bit counter. Pins five to ten 
are used for this purpose. OutputT7 also forms 
part of the counter. 


Three other registers form the state registers 
and are labeled SRO, SR1 and BEACON. State 
vectors for these registers have to be chosen 
with care to ensure that the beacon outputis ac- 
tivated at the correct time. Other inputs and out- 
puts are as already discussed. Note that the 
PR/OE pin is not used. This pin must be tied to 
ground in the final circuit. 


Once the pin information has been entered, any 
Boolean equations desired can be defined us- 
ing the Boolean equation entry (.BEE) file of 
AMAZE. List 1 shows the .BEE file for the alarm 
controller. Any internal registers used in either 
the Boolean equation or state equation entry 
file are given names in this file, in this case 1 to 
16. Equations for the 10—bit counter are en- 
tered after the title line @LOG/C EQUATION, 
using registers t1 to t10in. Register SRO halts 
and clears the counter while the controller is in 
certain states. This needs to be considered 
when defining the state vectors. 
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State Equation Entry 

The state equation entry (.SEE) file of AMAZE 
uses a State—transition language, parameters 
of which are taken directly from the state dia- 
gram. Information is entered into this file in a 
free format. The only points to remember are 
that the square brackets should be used 
throughout to define the state registers and 
transitions, semicolons should be used to mark 
the end of vector definition and apostrophes 
should be used to indicate a registered output. 
State vectors can be defined in the state equa- 
tion entry file as shown in List 2. State vectors 
are simply ameans of labeling an arrangement 
of state registers which can be used later to de- 
fine state transitions. Because we are using the 


10—bit counter, particular care must be taken in 
defining the state vectors in this instance. 


From the state diagram, the counter must begin 
counting during states ST_0, ST_2and ST_3 
and it must be cleared during states ST7_1, 
ST_4 and ST_NULL. State ST_NULL repre- 
sents the power-up state of the PLS168 in 
which all register outputs are at logic one. Thus 
the inactive state of the counter is defined as 
being when SRO is at logic one, therefore, SRO 
must be at this level during states ST_1 and 
ST_4and at logic zero during other states. The 
alarm beacon is considered to be active by an 
activeow signal and must be activated during 
states ST_3 and ST_4. Register SR1 must 
therefore be chosen to ensure mutual exclusiv- 


ity between state vectors. Input and output vec- 
tors can be defined in the same manner in 
terms of input and output label names. In this 
case, however, the label names are used di- 
rectly. State transitions can now be derived di- 
rectly from the state diagram. This is done using 
a Pascal-ike state transition language and can 
clearly be seen in Table 8-1. Note that multiple 
IF statements can be implemented as such or 
as CASE statements as shown. Entry/exit and 
sounder turn-off delay times are represented 
as a decoding of the 10-bit counter states. 
Thus to get the desired 16 second entry/exit 
delay. t7 must be decoded and to achieve the 
128 second sounder turn—off delay t10in must 
be decoded. 


BEACON output register as a state register 
also and SRO is being used to halt and clear the 


C fe) 


@INTERNAL SR FLIP FLOP LABELS 
t6 tS t€4 t€3 t€2 ‘ti 
@LOGIC EQUATION 
tle s /t1*/sr0 ; 

r t1*/sr0 
sr0O ; 
t1i*/t2*/srO ; 
tl* t2*/sr0 
sr0 
t1* 
t1* 
sr0 
t1* 
t1* 
sr0 
t1* 
ti* 
sr0 
t1* 
ti1* 
sr0 
t1* 
ti* 
sr0 
t1* 
t1* 
sr0 
t1* 
ti* 
srO ; 
tl* t2* 
t1l* t2* 
srO ; 


io+ UW 


i + il 


t2*/t3*/sr0 ; 
t2* t3*/srO ; 


to+ il 


ba 
be 


t3*/t4*/sr0O ; 
t3* t4*/sr0 


it + I 


fe 
ba 


Es* 
Es 


t4*/t5*/sr0 ; 
t4* t5*/sr0 


+ 


t2* 
tz” 


ts” 
£3" 


Ea” 
t4* 


t5*/t6*/srOd ; 
t5* t6*/sr0 


o+ ll 


Ea” 
tZ* 


£37 
t3* 


Ea* 
t4* 


Lo* 
t3* 


te*/t?*/srod ; 
t6* t7*/sr0 


ll + Il 


cz 
tZ™ 


t3¢ 
ts" 


tae 
t3* 


t6* 
te* 


t7*/t8*/sr0 ; 
t7* t8*/sr0 


ll + Hl 


be* 
oe 


ta* 
t5* 


a 
t/* 


t6* 
t.6* 


t8*/t9*/srO ; 
t8* t9*/sr0 


Wo+ Il 


t* 
to* 


t.6* 
£:6* 


t./* 
t.* 


tG* €3*/tle* sare 
tS* t2* Lle*/ezrd 


(Can be used later to define state equations) 


Table 8-1. Logic Equations 
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PLS168 


Figure 8-3. Pinning Information for the Alarm Controller 


With the system fully defined, simply assemble 
the design information during the AMAZE 
assembler to produce the fuse pattern for the 
desired device. Should any design changes 
meed to be made to a device, the fuse pattern 
may be modified directly using the program 
table editor of AMAZE. However, taking this 
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Figure 8-4. Alarm System based on the PLS168 


action is not recommended since Boolean 
equation and state equation files are not altered 
correspondingly. 


Functioning of the device can be verified with 
the AMAZE simulator, which can also be used 
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KL 


Heat Detector Switch . —~e 


to check A.C. timings before downloading the 
pattern to a device programmer, such as Stag 
ZL30A or Data I/O 29B, to program the device. 
Test vectors are produced either automatically 
or interactively by the simulator. 


Signetics Programmable Logic Devices 


Programmable Logic Design 


and Application Notes 


Programmability 

The PLS168 device could now be used as the 
controller of an alarm system. As it stands, the 
device assumes that all the alarm inputs indi- 
cate an alarm condition when in the high state, 
logic one, and that the alarms are activated 
when the alarm outputs are active low (i.e., at 
logic zero). 


Should an alarm input transducer be used 
which indicates an alarm condition as a low 
state, this can be catered for by altering the 
SEE file. For example, consider a smoke de- 
tector which outputs logic zero on detection of 
an alarm condition and assume that this trans- 
ducer is driving the “fire” input of the device. By 
changing all references to ‘fire’ in the .SEE file 
to ‘/fire’ and all instances of ‘/fire’ to ‘fire’ then 
the activation of the alarms will occur when log- 


\ 


Figure 8-5. Status LEDs Connected to the alarm 
controller as shown provide status information 
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ic Zero is applied to this input and not when logic 
one is applied, as in the original case. Pinlist 
and .BEE files do not need to be altered. 


Polarity of the output signals cannot be altered 
as easily, as the device will always power—up 
with the outputs at logic one. This should not 
prove to be a problem since the outputs simply 
drive output transistors and these can be used 
to produce the correct polarity signal for the 
beacon and sounder. 


System Implementation 

Figure 8-4 shows a typical alarm system based 
on this device. The system clock is produced by 
a relaxation oscillator built from 74HC132 
Schmitt Triggers. Values of R; and C; shown 
result in a frequency of approximately 4Hz 
which will provide the desired entry/exit and 
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- 
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sounder turn—off delays. These delays can be 
modified either by changing the external oscil- 
lator circuit or by decoding a different internal 
counter state. For example, to increase the en- 
try/exit delay change all references to t7 in the 
.SEE file to t8. Both normally-closed and nor- 
mally—open loop implementations are shown. 
Due to the distances involved in an alarm sys- 
tem, the open-loop configuration may cause 
problems, being driven by the positive supply. 
to avoid this problem, input—detect polarity of 
the openHoop circuit can be changed by alter- 
ing the .SEE file. 


Status indication can be provided by connect- 
ing LEDs as in Figure 8-5. When the reset but- 
tonis pressed, any LED being lit will indicate an 
alarm condition for that input. This will not reset 
the alarm system unless the arm switch is off. 
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{sr0O, srl, beacon] 
st_null = 111b; 
st_0 = 001b; 
st 1 = 101b; 
st 2 Q1ib: 
st_3 = 010b; 
st_4 = 100b: 


@TRANSITIONS 
While [st_null] 
case 


[arm* /fire * /peratak] 


[peratak] 
[fire] 
encase 
While [st_0] 
case 
{t7? * /fire * 
[/arm * /reset] 
(fire] 
encase 
While [st_1] 
case 
[timedl 
{timed2 
falarml 
falarm2 
falarm3 
[/arm * 
[fire] 
encase 


/fire] 
/fire] 
/fire] 
/fire] 
/fire] 
reset ] 


While [st_2] 
case 
[t? * /fire] 
{alarml * /fire] 
{alarm2 * /fire] 
f[alarm3 * /fire] 
[/arm * /reset] 
(fire] 
encase 
While [st_3] 
case 
[tlOin * /fire * 
[{[/arm * /reset] 
{fire] 
encase 
While [st_4] 
case 
nth a 


{[/arm * /reset] 


{arm + reset) ] 


(arm + reset) ] 


then [st null] with 


{/sounder’ ] 
[/sounder’ } 


[sounder’ ] 
[/sounder’ ] 


{/sounder’ ] 
{/sounder’ ] 
{/sounder’ ] 
{sounder’ ] 
[/sounder’ } 


/sounder’ ] 
/sounder’ ] 
/sounder’ ] 
/sounder’ ] 
sounder’ ] 
/sounder’ ] 


[ 
[ 
[ 
[ 
[ 
[ 


{sounder’ } 
{sounder’ ] 
{/sounder’ ] 


{sounder’ ] 


Table 8-2. State Equations can be used to define state transitions 
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Plastic Dual-In-Line 
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PLCC 


1. 


Package dimensions conform to JEDEC 
specifications for standard Plastic Leaded 
Chip Carrier outline (PLCC) package. 


Controlling dimensions are given in inches 
with dimensions in millimeters contained in 
parentheses. 


. Pin numbers start with pin #1 and continue 


counterclockwise when viewed from the 
top. 


. Lead material: Olin 194 (Copper Alloy) or 


equivalent, solder dipped. 


. Body material: Plastic (Epoxy). 


the change in junction temperature due to a 
known power application. Test conditions 
for these values are: 


Test Ambient—Still Air 
Test Fixture— 6),— Glass epoxy test 
board (2.24” x 


3. Dimensions and tolerancing per ANSI : : 
. Thermal resistance values are determined 2 24" X 0.062” 
Y14.5M — 1982. ne .062") 
by Temperature Sensitive Parameter (TSP) 0 Wat iad het 
4. “D—-E” and “F—G’ are reference datums on method. This method uses the forward volt- JC~ brea wo eS 


the molded body and do not include mold 


age drop of a calibrated diode to measure 


flash or protrusions. Mold flash or protru- 
sions shall not exceed 0. 15mm (0.006”") on 
any side. 


PLASTIC LEADED CHIP CARRIER (PLCC) 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


350mil—wide 


TYPICAL 0,/0j¢ VALUES (°C/W) 


70 30 
61 26 
42 14 
42 14 


NOTES: 

. Package dimensions conform to JEDEC specification 
MO-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane ''H"' located at the top of mold parting 
line and coincident with top of lead. Where lead 
exists plastic body. 

. Location to datum "A" and ''B"’ to be determined at 
plane ‘'H''.These datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15mm) 
on any side. 

. Datum ''D-E"' and ''F-G" are determined where these 
center leads exit from the body at plane ''H". 

. Pin numbers continue counterclockwise to pin #20 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix ''A'' after the product number. 

. Applicable to packages with pedestal only. 


450mil-wide 
750mil-wide 
950mil-wide 


20—PIN PLASTIC LEADED CHIP CARRIER 


a an (200 (608) | 
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® 
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CLEARANCE |_ PEDESTAL 
SEATING 
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fe] 010 (025) O/A@[8O) 
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28—-PIN PLASTIC LEADED CHIP CARRIER 


A495 (12.57) 


‘e007 (0.18) ©'AG 'F-46 


ABS (1232) 


210 (0.25) 
MAX. R 
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ae 
“7 
| 
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52—-PIN PLASTIC LEADED CHIP CARRIER 


S007 (0.18) 58S D- 
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6 
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MAX. R ; 
3 PLACES 
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£ 
048 (1.22) 
D42 (107) pee 
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ig a 

. Package dimensions conform to JEDEC specification 
MO-047-AB for plastic leaded chip carrier 28 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane ''H"' located at the top of mold parting 
line and coincident with top of lead. Where lead exits 
plastic body. 

. Location to datum ''A"’ and ''B" to be determined at 
plane ''H''. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 
mm) on any side. 

. Datum ''D-E"' and ''F-G'"' are determined where these 
center leads exit from the body at plane ''H"’. 

. Pin numbers continue counterclockwise to pin #28 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix ''A'' after the product number. 

. Applicable to packages with pedestal only. 


D15 (0.38) 
A, 005 (0.13) 
PEDESTAL 
CLEARANCE | 


[ 920 (0.5) MON. 
CLEARANCE W/O 
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SEATING 
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A 
224 (580) [S| 01 (025) CAG BO 
“218 (5.54) 
[e] 215 (038) ©]o-€ 6) 


PO02200S 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MO-047-AD for plastic leaded chip carrier 52 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 

. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Datum plane ''H" located at the top of mold parting 
line and coincident with top of lead, where lead exits 
plastic body. 

. Location to datum ''A" and ''B" to be determined at 
plane ''H''. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 
mm) on any side. 

. Datum ''D-E"' and ''F-G"' are determined where these 
center leads exit from the body at plane ''H"’. 

. Pin numbers continue counterclockwise to pin #52 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix ''A’’ after the product number. 

. Applicable to packages with pedestal only. 
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68—PIN PLASTIC LEADED CHIP CARRIER 


905 (25.27) &_ 007 (0.18) © A® F-aS 


S o07 (0.18) ©BO) | 985 (25.02) NOTES: 
S_2e7 6.8) Boones) p02 IN IN |B! ( 1. Package dimensions conform to JEDEC specification 
pal A ' 7300 (2032) | MO-047-AE for plastic leaded chip carrier 68 leads, 
Se .050 inch lead spacing, square. (issue A, 10/31/84). 
. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 
. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Datum plane ''H'' located at the top of mold parting 
| line and coincident with top of lead, where lead exits 
plastic body. 
| . Location to datum ''A'' and ''B"' to be determined at 
968 (24.33) | plane ''H''. These Datums do not include mold flash. 
960 (24.13) | Mold flash protrusion shall not exceed .006” (0.15 
| ‘ mm) on any side. 
: pe5 (2502) . Datum "'D-E" and ''F-G'"' are determined where these 
center leads exit from the body at plane ''H". 
. Pin numbers continue counterclockwise to pin #68 
(top view). 
. Signetics order code for product packaged in a PLCC 
is the suffix ''A'' after the product number. 
. Applicable to packages with pedestal only. 
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HERMETIC CERDIP 

1. Package dimensions conform to JEDEC 
specificationS for standard Ceramic Dual 
Inline (CERDIP) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters, mm, con- 
tained in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4. Pin numbers start with pin #1 and continue 
counterclockwise when viewed from the 
top. 


. These dimensions measured with the leads 


constrained to be perpendicular to plane T. 


. Lead material: ASTM alloy F-30 (Alloy 42) 


or equivalent — tin plated or solder dipped. 


. Body material: Ceramic with glass seal at 


leads. 


. Thermal resistance values are determined 


by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward 
voltage drop of a calibrated diode to mea- 


sure the change in junction temperature 
due to aknown power application. Test con- 


ditions for these values follow: 


Test Ambient—Still Air 


Test Fixture— 9)a— Textool ZIF socket 


with 0.04” stand— 
off 


8 j— Water cooled heat 


sink 


CERAMIC DUAL-IN-LINE PACKAGES 


TYPICAL 84 ,/0j¢ VALUES (°C/W) 


NO. OF LEADS PACKAGE CODE DESCRIPTION 


20 
24 
28 


.078 (1.98) 
.012 (.30) 


_ L100 (2.54) BSC 


.975 (24.73) 
.940 (23.88) 
058 (1.47) 
.030 (.76) 


| .023 (.58) 


015 (.38) 


FL1 853-0584 88099 
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ITI E]OG}.010 (254) 


300mil—wide 
300mil—wide 
600mil-wide 


SEE NOTE 6 


078 (1.98) 


012 (30) 


.306 (7.77) 
285 (7.24) 


sag ae 
. Controlling dimension: inches. Millimeters are shown in 


parentheses. 


. Dimensions and tolerancing per ANSI Y14.5M - 1982. 


“T" “D" and “'E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


counterclockwise to pin #20 when viewed from the top. 


. Denotes window location for EPROM products. 


.070 (1.78) 
050 (1.27) 
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145 (3.68) 


.200 (5.08) 
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165 (4.19) 
125 (3.18) 035 (89) 


020 (.51) 


015 (.38) 
010 (.25) 
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290 (7.37) 
(NOTE 4) 


BSC 
300 (7.62) 
(NOTE 4) 
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.098 (2. 3 (2.49) SEE NOTE 6 
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J = 100 (2.54) BSC 


1.280 (32.51) 


1.240 (31.40) 
070 (1.47) 


050 (.76) 


PLANE 


.023 .023 (.58) 58) 


a TERS 


FN1 853-0586 84000 


28—PIN CERAMIC DUAL-IN-LINE (600mil-wide) 


FQ3 853-0589 84000 


January 1990 


NOTES: 


098 (2.49) 
.030 (.76) 


2. 
3 


306 (7.77) 
285 (7.24) 


.200 (5.08) 
165 (4.19) 


.145 (3.68) 


.165 (4.19) 


125 (3.18) 035 (.89) 


.020 (.51) 
015 (.38) f 
.010 (.25) 


1. 


Controlling dimension: inches. Millimeters are shown in 
parentheses. 

Dimensions and tolerancing per ANSI Y14.5M - 1982. 
“T", “D", and "E" are reference datums on the body 


and include allowance for glass overrun and meniscus on 


the seal line, and lid to base mismatch. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


counterclockwise to pin #24 when viewed from the top. 


. Denotes window location for EPROM products. 


320 (8.13) 
290 (7.37) 


BSC 
.300 (7.62) 
(NOTE 4) 


-395 (10.03) 
“300 (7.62) 


wig 


596 (15.19) 


-514 (13.06) 


175 (4.45) 
145 (3.68) 
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1. Controlling dimension: inches. Millimeters are shown in 


parentheses. 


. Dimensions and tolerancing per ANSI Y14.5M - 1982. 


“D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


counterclockwise to pin #28 when viewed from the top. 


. Denotes window location for EPROM products. 


620 (15.75) 
590 (14.90) 
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Package Outlines 


HERMETIC CERDIP WITH QUARTZ WINDOW 


1. Package dimensions conform to JEDEC 5. Thesedimensions measured with the leads 


specificationS for standard Ceramic Dual 
Inline (CERDIP) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters, mm, con- 
tained in parentheses. 


3. Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


4. Pin numbers start with pin #1 and continue 
counterclockwise when viewed from the 
top. 


HERMETIC DUAL-IN-LINE PACKAGES 


NO. OF LEADS PACKAGE CODE DESCRIPTION 
a 


.078 (1.98) 
012 (.30) 


_ |__ 100 (2.54) BSC 


975 (24.73) 
.940 (23.88) 


.058 (1.47) 
Sao Ie (76) 


023 (.58) 
015 (.38) 


853-0584 81594 


January 1990 


ia 0 EC) 


constrained to be perpendicular to plane T. 


. Lead material: ASTM alloy F-30 (Alloy 42) 


or equivalent — tin plated or solder dipped. 


. Body material: Ceramic with glass seal at 


leads. 


. Thermal resistance values are determined 


by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward 
voltage drop of a calibrated diode to mea- 


300mil-wide 
300mil-wide 
600mil-wide 


.078 (1.98) 
012 (.30) 


gp in 
. Controlling dimension: inches. Millimeters are shown in 


sure the change in junction temperature 
due to a known power application. Test con- 
dition for these values follow: 


Test Ambient—Still Air 


Test Fixture— 6)a— Textool ZIF socket 
with 0.04” stand— 


off 


6 jc— Water cooled heat 
sink 


TYPICAL | TYPICAL Qj,/0jc VALUES (°C/W) VALUES (°C/W) 


parentheses. 


. Dimensions and tolerancing per ANS! Y14.5M - 1982. 


3: TE", VDE, 


and "'E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


.070 (1.78) 
.050 (1.27) 


175 (4.45) 


.200 (5.08) 
.145 (3.68) 


165 (4.19) 


.165 (4.19) 


125 (3.18) 035 (.89) 


.020 (.51) 


015 (.38) 


010 (.25) 


790 


counterclockwise to pin #20 when viewed from the top. 


320 (8.13) 


.290 (7.37) 
(NOTE 4) 


‘(NOTE 4) 
395 (10.03) 
“300 (7.62) 


Signetics Programmable Logic Devices 


Package Outlines 


24—PIN CERAMIC DUAL-IN-LINE WITH QUARTZ WINDOW 


.098 (2.49) .098 (2.49) gece 
030 (.76) "030 (76) . Controlling dimension: inches. Millimeters are shown in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
"T', "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
.306 (7.77) to be perpendicular to plane T. 
285 (7.24) . Pin numbers start with pin #1 and continue 
; counterclockwise to pin #20 when viewed from the top. 


_ = 100 (2.54) BSC 


1.280 (32.51) 
1.240 (31.40) 


070 (1.47) 320 (8.13) 
.050 (.78) 290 (7.37) 


175 (4.45) 
.200 (5.08) ————— 


-145 (3.68 
165 (4.18) 


bog a Bin 
PLANE : “8 
125 (3.18) 035 (.89) 


a eeens | 
020 (.51) BSC 
300 (7.62) 
(NOTE 4) 
023 029 (88)_fer Tes Boi eB 015 (.38) 
—{$[ Tl E]o G.010 (254) 010 (25) -395 (10.03) 


016 015 (.38) 300 (7.62) 


853-0586 84000 PO00403S 


28—PIN CERAMIC DUAL-IN-LINE WITH QUARTZ WINDOW 


.098 (2.49) .098 (2.49) ig ec 


.040 (1.02) .040 (1.02) . Controlling dimension: inches. Millimeters are shown in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
"T' "DD" and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
598 (15.19) counterclockwise to pin #24 when viewed from the top. 


514 (13.06) 


| L 100 (2.54) BSC 


1.485 1.485 (37.72) 72) 


1 1.440 (36.58) (36.58) 
.070 (1.78) .620 (15.75) 


050 (1.27) 175 (4.45) 590 (14.99) 
145 (3.68) 


——— eye 225 (5 72) max. 
125, (3.18) 055 (1.40) 


(.020 (.51) 
L 600 (15.24) BSC J 
015 (.38) (NOTE 4) 
O28 ( OUTED OL 070 (254) oe weed Leal 


015 15 (38) LTE TO SL.o10 (254) 600 (15.24) 


853-0589 84000 
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Package Outlines 


CERAMIC LEADED CHIP CARRIER WITH QUARTZ WINDOW 


TYPICAL 85,/8j¢ VALUES (°C/W) 


68—PIN CERAMIC LEADED CHIP CARRIER WITH QUARTZ WINDOW 


1010 (1565) SQ. , 810 (2057) NOTES: 
980 (24.90) | [ 790 (2007) | 1. Controlling dimensions: inches. Millimeters are shown in 
| parenthesis. 
a aan = “] dh ll Bl TP | . Dimension and toleracing per ANSI Y14.5M-1982. 
| i| . When a window lid is used, the overall package 
25 (064) | | | | thickness must increase by a minimum of .010 inch 
15 (0.38) i, i, ! b (0.25mm) and a maximum of .040 inch (1.020mm). 
= 7 a 025 (0.64) MIN. 


45 (1.14) 
, ~ i 035 (0.289) 
ee eee : : (3 CORNERS) 


xX 45° 


BEPEEREED PEEP EEEE 
© 28 


| 085 (2.16) 
D65 (165) 


O86 (2.18) D12 (30) 
[ “O74 (1.88) 


—— 
A -180 (4.57) 


020 (51) 
D4 (36) 


950 (24.13) 
910 (23.11) 


LBI 853-1240 95007 P002370S 
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Package Outlines 


PLASTIC DIP 

1. Package dimensions conform to JEDEC 
specification MS-001-AA for standard 
Plastic Dual Inline (DIP) package. 


2. Controlling dimensions are given in inches 
with dimensions in millimeters, mm, con- 
tained in parentheses. 


@ 


Dimensions and tolerancing per ANSI 
Y14.5M — 1982. 


a 


“T”, “D” and “E” are reference datums on the 
molded body and do not include mold flash 
or protrusions. Mold flash or protrusions 
shall not exceed 0.01 inch (0.25mm) on any 
side. 


PLASTIC DUAL-IN-LINE PACKAGES 


.100 (2.54) BSC 
1.057 (26.85) 


1.045 (26.54) 
.064 (1.63) 


045 (1.14) 


SEATING 
PLANE 


.022 (.56) 
017 (.43) 
853-0408 81234 


January 1990 


fe TIEIOGY. .010 (25) @] 


. These dimensions measured with the leads 


constrained to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


counterclockwise when viewed from the 
top. 


. Lead material: Olin 194 (Copper Alloy) or 


equivalent, solder dipped. 


. Body material: Plastic (Epoxy). 


. Thermal resistance values are determined 


by Temperature Sensitive Parameter (TSP) 
method. This method uses the forward 


voltage drop of a calibrated diode to mea- 
sure the change in junction temperature 
due to a known power application. Testcon- 


ditions for these values are: 


Test Ambient—Still Air 


Test Fixture— 6)a— Textool ZIF socket 
with 0.04” stand— 


off 


6jc— Water cooled heat 


sink 


TYPICAL 05,/0j¢ VALUES (°C/W) 


DESCRIPTION 


Cu. Lead Frame 
300mil—wide 


Cu. Lead Frame 
300mil-wide 


Cu. Lead Frame 
600mil-_wide 


Cu. Lead Frame 
300mil-wide 


“gts 
. Controlling dimension: inches. Metric are shown in 


parentheses. 


. Package dimensions conform to JEDEC specification 


MS-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 


L oo and tolerancing per ANSI Y14. 5M-1982. 


.255 (6.48) 
.245 (6.22) 


"D" and ''E" are reference datums on the molded 
baat and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane T. 


. Pin numbers start with pin #1 and continue 


125 (3.18) 
115 (2.92) 
2 


.160 (4.06) 
.135 (3.43) 


.035 (.89) 


020 (.51) 
138 (3.61) 


.120 (3.05) 
015 (.38) 


.010 (.25 ) 


793 


counterclockwise to pin #20 when viewed from the top. 


322 (8.18) 


300 (7.62) 
(NOTE 5) 


.300 (7.62) 
(NOTE 5) 
.395 (10.03) 


.300 ( 7.62) 


Signetics Programmable Logic Devices 


Package Outlines 


24—PIN PLASTIC DUAL-IN-LINE (N PACKAGE) 


- 


| 
| 


mr 


<B1D © | .004 (.10)/— 


2.54) BSC 
1.256 (31.90) 


.064 (1.63) 
045 (1.14) 


= =] 


SEATING 
PLANE 


.022 (.56) 
017 (.43) 


1.240 (31.50) 


T 


@iT| E | D @|.010(.25) @| 


[| 100 (2.54) BSC 


: (37.08) 


1.460 


1.416 
.064 (1.63) 


045 (1.14) 


853-0413 84099 


January 1990 


(35.94) 


.255 (6.48) 
.245 (6.22) 


® 
185 (4.70) 
.160 (4.06) 


138 (3.51) 
120 (3.05) 


.560 (14. 22) 
.545 (13.84) 


155 (3.94) 
145(3.68) 


200 (5.08) 
165 (4.19) 


7 


138 (3.51) 


120 (3.05) 
015 (38) 


0 (25) 


045 (1.14) 
“020 (.51) (.51) 


794 


NOTES | 


fs 


2 


Controlling dimension: inches. Metric are shown in 
parenthesis. 

Package dimensions conform to JEDEC specification 
MS-001-AF for standard dual in-line (DIP) package .300 inch 
row spacing (plastic) 24 leads (issue B. 785). 

Dimension and tolerancing per ANSI Y14, 5M-1982. 

T. “D AND “E” are reference datums on the molded body 
and do not include mold flash or protrusions. Mold flash or 
protrusions shall not exceed .010 inch (.25mm) on any side 
These dimensions measured with the leads constrained to be 
perpendicular to plane T 
Pin numbers start with pin #1 and continue counterclockwise 
to pin #24 when viewed from the top 


322 (8.18) 
.300 (7.62) 
(NOTE 5) 


~ .155 (3.94) 
030 (.76) ~ 145 (3.68) 
015 (.38) 

300 (7. rin 

NOTE 5 


.395 (10.03) 


.015 (.38) 300 ( 7.62) 


010 (.25) 


NN1 853-0410 93852 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

."T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 


620 (15.75) 


600 (15.24) 
(NOTE 5) 


= 600 (15.24) asc_——| 


(NOTE 5) 
.695 (17.65) 


600 (15.24) 


Signetics Programmable Logic Devices 


Package Outlines 


28—PIN PLASTIC DUAL-IN-LINE (N3 PACKAGE) 


NOTES: 
1. Controlling dimensions: inches. Metric are 
shown in parentheses. 
2. Dimensions are tolerancing per ANSI 
Y14.5M-1982. 
3. “T’, “D", and “E” are reference datums on the 
molded body and do not include mold-flash 
or protrusions which shall not exceed .010 
inch (.25 mm) on any side. 
.260 (6. 60) These dimensions measured with the leads 
.245 (6.22) constrained to be perpendicular to plane “T”. 
Pin numbers start with #1 and continue 
counterclockwise to pin #28 when viewed 
from the top. 


—— .100 (2.54) BSC 


1.460 (37.08) 
1.415 (35.94) 


064 (1.63) 320 (8.13) 


045 (1.14) .300 (7.62) 
(NOTE 5) 


.200 (5.08) .155 (3.94) 


165 (4.19) .145 (3.68) 


(—t—|_—— 
ae ra 
ae .045 tin -14) 


020 ( .51) 
138 (3.51) 300 (7.62) 
120 (3.05) (NOTE 5) 
022 (.56) 015 (.38) 395 (1.003) 
017 (.43) % [tle [0 | 020 (5)@ | 010 (.25) .300 ( .762) 


853-0864 89398 
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signetics 


Sales Offices, 


Representatives & 


Distributors 


Programmable Logic Devices 


SIGNETICS 
HEADQUARTERS 
811 East Arques Avenue 
P.O. Box 3409 


Sunnyvale, CA 94088-3409 


Phone: (408) 991-2000 


ALABAMA 
Huntsville 
Phone: (205) 830-4001 


ARIZONA 
Phoenix 
Phone: (602) 968-5777 


CALIFORNIA 
Calabasas 
Phone: (818) 880-6304 


Irvine 
Phone: (714) 833-8980 
(714) 752-2780 


Los Angeles 
Phone: (213) 670-1101 


San Diego 
Phone: (619) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 


COLORADO 
Aurora 
Phone: (303) 751-5011 


GEORGIA 
Atlanta 
Phone: (404) 594-1392 


ILLINOIS 
Itasca 
Phone: (312) 250-0050 


INDIANA 
Kokomo 
Phone: (317) 459-5355 


pried USETTS 
Westfor 
vitiahid (508) 692-6211 


MICHIGAN 
Farmington Hills 
Phone: (313) 553-6070 


NEW JERSEY 
Parsippany 
Phone: 01) 334-4405 


December 1989 


Toms River 
Phone: (201) 505-1200 


NEW YORK 
i 3 si Falls 
one: (914) 297-4074 


NORTH CAROLINA 
Raleigh 
Phone: (919) 781-1900 


OHIO 
Columbus 
Phone: “(614) 888. -7143 


Dayto 
fone (513) 294-7340 


OR hoes 
Beaverto 
Phone: "(503) 627-0110 


PENNSYLVANIA 
Plymouth expiry 
Phone: (215) 825-4404 


TENNESSEE 
Greeneville 
Phone: (615) 639-0251 


TEXAS 
Austin 
Phone: (512) 339-9944 


Houston 
Phone: (713) 668-1989 


Richardson 
Phone: (214) 644-3500 


CANADA 


SIGNETICS CANADA, LTD. 


Etobicoke, Ontario 
Phone: (416) 626-6676 


Nepean, Ontario 
Phone: (613) 225-5467 


REPRESENTATIVES 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 


CALIFORNIA 

Folsom 
Webster Associates 
Phone: (916) 989-0843 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 382-3001 


INDIANA 

Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar Rapids 
J.R. Sales 
Phone: (319) 393-2232 


MARYLAND 
Columbia 


Third Wave Solutions, Inc. 


Phone: (301) 290-5990 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 944-7274 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW MEXICO 
Albuquerque 
.P. Sales 
Phone: (505) 345-5553 


NEW YORK 
Ithaca 
Bob Dean 
Phone: cov} 057- 1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


Wappingers Falls 
Bob Bean, | Inc. 
Phone: (914) 297-6406 


NORTH CAROLINA 
Smithfield 

ADI 

Phone: (919) 934-8136 


799 


OHIO 

Centerville 
Bear Marketing, Inc. 
Phone: (513) 436-2061 


Richfield 
Bear Marketing, Inc. 
Phone: (216) 659-3131 


OREGON 

Beaverton 
Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 
Pittsburgh 
Bear Marketing, Inc. 
Phone: (412) 531-2002 


Hatboro 
Delta Technical Sales, Inc. 
Phone: (215) 975-0600 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro-Tex, Inc. 

Phone: (414) 542-5352 


CANADA 
Burnaby, B.C. 
Tech- Trek, Ltd. 
Phone: (604) 439-1373 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Nepean, Ontario 
ech-Trek, Ltd. 
Phone: (613) 225-5161 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 


PUERTO RICO 
Santurce 
Mectronics Sales, Inc. 
Phone: (809) 728-3280 
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DISTRIBUTORS 


Contact one of our 

local distributors: 
Anthem Electronics 

Falcon Electronics, Inc. 
Gerber Electronics 
Hamilton/Avnet Electronics 
Marshall Industries 
Schweber Electronics 
Wyle/LEMG 

Zentronics, Ltd. 


FOR SIGNETICS 
PRODUCTS 
WORLDWIDE: 


ARGENTINA 

Philips Argentina S.A. 
Buenos Aires 
Phone: 54-1-541-4261 


AUSTRALIA 

Philips Electronic 

Components & Mat’! Ltd. 
Artarmon, N.S.W. 
Phone: 61-2-439-3322 


AUSTRIA 
Osterrichische Philips 
Wien 
Phone: 43-222-60-101-820 


BELGIUM 
S.A. MBLE Components 
Brussels 
Phone: 32-2-525-61-11 
BRAZIL 
Philips Do Brasil, Ltda. 
Sao Paulo 
Phone: 55-11-211-2600 


CHILE 

Philips Chilena S.A. 
Santiago 
Phone: 56-02-077-38 16 


CHINA, 

PEOPLES REPUBLIC OF 

Philips Hong Kong, Ltd. 
Kwai Chung, Kowloon 
Phone: 852-0-424-5121 


COLUMBIA 
Iprelenso, Ltda. 


gota 
Phone: 57-1-2497624 


December 1989 


DENMARK 
Philips Components A/S 
Copenhagen S 
Phone: 45-1-54-11-33 


FINLAND 
Oy lal Ab 


spoo 
Phone: 358-0-502-61 


FRANCE 

R.T.C. Compelec 
Issy-les-Moulineaux 
Cedex 
Phone: 33-1-40-93-80-00 


GERMANY 
Valvo 
Hamburg 
Phone: 49-40-3-296-0 


GREECE 

Philips S.A. Hellenique 
Athens 
Phone: 30-1-4894-339 


HONG KONG 

Philips Hong Kong, Ltd. 
Kwai Chung, Kowloon 
Phone: 852-0-424-5121 


INDIA 
Peico Electronics 
& Elect. Ltd. 
Bombay 
Phone: 91-22-493-0311 


INDONESIA 
P.T. Philips-Ralin 
Electronics 
Jakarta Selatan 
Phone: 62-21-517-795 


IRELAND 

Philips Electrical Ltd. 
Dublin 
Phone: 353-1-69-33-55 


ISRAEL 
dea rg Electronics, Ltd. 
el Aviv 
Phone: 972-3-477115 


ITALY 
Philips S.p.A. 
Milano 
Phone: 38-2-67-52-1 
JAPAN 
Philips Components Japan 


Osaka-Shi 
Phone: 81-6-389-7722 


Philips Components Japan 
Tokyo 


y 
Phone: 81-3-740-5028 


KOREA 
Philips Industries, Ltd. 
Seoul 


ou 
Phone: 82-2-794-5011 
/2/3/4/5 
MALAYSIA 
ee Malaysia SDN 
Bernhad 


Kuala Lumpur 
Phone: 60-3-734-55 11 


MEXICO 

Philips Components 
Guadalajara, Jal 
Phone: 52-36-52-27-70 


Mexico, D.F. 
Phone: 52-721-64-984 


NETHERLANDS 
Philips Nederland 
Eindhoven 
Phone: 31-40-783-749 


NEW ZEALAND 
Philips New Zealand Ltd. 


Auckland 
Phone: 64-9-605-914 


NORWAY 
Norsk A/S Philips 
Oslo 


Phone: 47-2-68-02-00 


PERU 
Cadesa 
San Isidro 
Phone: 51-14-707-080 


PHILIPPINES 

Philips Industrial Dev., Inc. 
Makati Metro Manila 
Phone: 63-2-810-01-61 


PORTUGAL 
Philips Portuguesa SA 


Lisbon 
Phone: 351-1-68-31-21 


SINGAPORE 
Philips Singapore 
Pte., Ltd. 

Singapore 

Phone: 65-350-2000 


800 


SOUTH AFRICA 

SA Philips (PTY), Ltd. 
Randbur 
Phone: 27-11-889-39 11 


SPAIN - 
Copresa S.A. 
rcelona 
Phone: 34-3-30 1-63-12 


SWEDEN 

Philips Components A.B. 
Stockholm 
Phone: 46-8-782-10-00 


SWITZERLAND 
Philips Components A.G. 
Zuerich 
Phone: 41-1-488-2211 
TAIWAN 
Philips Taiwan, Ltd. 
Taipei 
Phone: 886-2-509-7666 
THAILAND 
Philips Electrical Co. 
of Thailand Ltd. 
Bangkok 
Phone: 66-2-223-63309 


TURKEY 
Turk Philips 
Ticaret A.S. 
Istanbul 
Phone: 90-1-179-27-70 


UNITED KINGDOM 
Philips Components 
London 
Phone: 44-1-580-6633 


UNITED STATES 
Signetics 
Sunnyvale, California 
Phone: (408) 991-2000 


URUGUAY 
Luzilectron S.A. 
Montevideo 
Phone: 598-9 1-56-4 1/ 
42/43/44 


VENEZUELA 
Magnetica S.A. 
aracas 
Phone: 58-2-241-7509 


11/28/89 


AMAZE PLD 
signefics Design Software 


Request 


Please rush me my complimentary copy of 
Signetics AMAZE PLD Design Software! 


| am interested in designing with the following Signetics PLDs: 


L] Programmable Logic Arrays (PLAs) LJ Programmable Logic 
Sequencers (PLSs) 
L] Programmable Macro Logic Devices L} PAL® Compatible Devices 
Last Name First Name Address 
Company City, State & Zip 
() 
Department or Division Telephone Ext. 


L] Please have a qualified Signetics engineer install the AMAZE design. 
L] Please ship the Signetics AMAZE design software directly to my office. 


Note: This AMAZE software request form is for new AMAZE users only and cannot be used to request updates for earlier versions of 
AMAZE. An update request form is included with your new AMAZE PLD software for the purpose of requesting future AMAZE 
software updates. 


PAL is a trademark of Monolithic Memories, Inc., a wholly-owned subsidiary of Advanced Micro Devices, Inc. 
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Signetics 


a division of North American Philips Corporation 


Attn: Software Support Group, MS 25 Signetics Company 
P.O. Box 3409 
Sunnyvale, CA 94088-9950 


‘o return mail: Please fold with business reply facing out. Signetics Key Customer Interests 


PLD Data Handbook 

vast name First name Address 
sompany name ity tate ip 
Jepartment or Division rea code one number xfension 
1. Your company and its products/services fit into the following category: 2. Your location is the: 
( )Aerospace ( ) Office & Business ( )Industrial Equipment ( ) Test & Measurement ( )Company Headquarters ( )Engineering/Design 
( )Consumer Products Machines ( )Defense & Military Equipment ( )Regional Headquarters Facility 
( )Computers ( )Telecommunications ( )Government Agency ( )Auto/Truck/Bus ( )Division Headquarters ( ) Distribution Facility 
( ) Computer Peripherals Products ( )Electronics System Manufacturing ( )Military Facility ( )Manufacturing Facility 
( )Communications Products( )Bio/Medical Products _ Integration ( )Scientific Equipment ( )Sales Office ( )Repair/Retrofit Facility 
( )Basic Chemicals/ ( ) Transportation ( )Components & Sub— ( ) Educational Institution( )R & D Lab ( )Other 

Petroleum ( )Research & Assemblies ( )Other 
( )Instruments & Controls Development ( ) Electrical Equipment 
( ) Utilities 
3. Number of employees at your location: ( ) 1-250 ( ) 251-500 ( ) 501-1000 ( ) More than 1000 


4. Number of engineers at your location: 


5. Approximate annual company revenue: ( ) Don’t Know ( ) Under $50M ( ) $50M to $250M ( )$250M to $100M_ ( ) Over $100M 
6. Would you like a sales engineer to call you? () YES ( )NO 


7. Please indicate your area(s) of specific product interest by checking the block(s) below: 


( ) Digital Logic ( )PROM ( )Surface Mount ( ) Disc Controller ( ) Power Conversion (_ ) Programmable Logic 
( )TTULS/S ( )EPROM/OTP Devices ( )VME/VMS Bus Controller (_ )Interface/Data Devices (PLD) 
( )10K/100K ECL ( ) DRAM Controller ( )SO ( )Military & Govt. Convertion ( )PAL® 
( )FAST ( )FIFO ( )PLCC Products ( )Small Area Networks ( )Software 
( )HC/HCT/CMOS__ ( )Microprocessor ( )LCC (All As Required) ( )ASIC/Semicustom ( )Microcontroller 
( )400 Series CMOS ( )68000 Family ( ) VME Interface ( ) Other Products Products ( )NMOS/CMOS Family 
( )ACL ( )68000 Peripherals Devices ( ) Linear Products ( ) Bipolar Std. Cell (CCL) ( ) Bipolar Family 
( )ALS ( )Data Communications ( )MPU ( ) Amplifier ( )CMOS Standard Cell ( )80C51 Derivatives 
( )Memory ( ) CRT/Graphics ( )Memory ( ) Communication (Semicustom) ( )OTP Microcontroller 
( )RAM/DRAM/SRAM( )DSP ( )Data Communications ( ) Video ( ) Gate Arrays ( )12C Microcontroller 
ROM 
Z ®PAL is a trademark of Advanced Micro Devices/Monolithic Memories, Inc. 
8. Your primary job responsibility/title is (check only one): 9. Do you recommend, specify, approve or direct 
. purchasing of electronic components? 
PURCHASING/ EDUCATION/ ide 
MANAGEMENT ENGINEERING PROCUREMENT INSTRUCTION CONSULTING If yes, which of these 
( )Senior Corp ( )SectionLeader ( )Mechanical ( )Electronics Buyer ( )Professor ( )Government ( ) Digital Logic 
Manager ( ) Group Leader (_ ) Materials ( ) General ( )Asst. Professor ( )Military ( )Linear 
( )Engineering ( ) Project Engineer Specifications Purchasing Agent ( )Instructor ( )Product Design ( )ASIC/Semi Custom 
Manager ( )Design ( ) Production (_ ) Production (_ ) Industrial ( )Software ( )PLDS 
(_ ) Financial ( ) Aerospace ( )Systems Component Buyer Instructor Development ( )Memory 
( )Purchasing/ ( )Applications ( )Ocean/Naval ( ) Engineering Buyer ( )Student ( ) Electronics ( ) Microprocessor 
Procurement ( )Component ( ) Quality Assurance ( ) Other ( ) Research Systems Design  ( ) Microcontroller 
(_ )Production Evaluation ( ) Other Scientist ( )Systems ( )Microsystems/VME Bus 
( )Project ( ) Software Integration ( )SMD 
( )Other ( )Component ( ) Military 
Evaluation ( )Other 


( )Other 
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Signetics Company 
Literature Distribution Center 
P.O. Box 542554 

Dallas, TX 75354-9988 


Philips Components — a worldwide Group of Companies 


Argentina: PHILIPS ARGENTINA S.A. Div. Components, Vedia 
3892, 1430 BUENOS AIRES, Tel. (01) 541-7141 to 7747. 

Australia: PHILIPS COMPONENTS PTY Ltd, 11 Waltham Street, 
ARTARMON, N.S.W. 2064, TEL. (02) 4393322. 

Austria: OSTERREICHISCHE PHILIPS INDUSTRIE G.m.b.H., UB 


Bauelemente, Triester Str. 64, 1101 WIEN. Tel. (0222) 60 101-820. 


Belgium: N.V. PHILIPS PROF. SYSTEMS — Components Div., 80 
Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02) 5256111. 

Brazil: CONSTANTA-IBRAPE; (Active Devices): Av. Brigadeiro 
Faria Lima, 1735-SAO PAULO-SP, Tel. (011) 211-2600. 
CONSTANTA IBRAPE; (Passive Devices & Materials): Av. 
Francisco Monteiro, 702 — RIBEIRAO PIRES-SP, 

Tel. (011) 459-8211. 

Canada: For IC Products Refer to United States 

Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, 
Tel. (02) 773816. 

Colombia: IND. PHILIPS DE COLOMBIA S.A., c/o IPRELENSO 
LTD., Cra. 21, No 56-17 BOGOTA, D.E., Tel. (01) 2497624. 

Denmark: PHILIPS COMPONENTS A/S. Prags Boulevard 80, 
PB1919, DK-2300 COPENHAGEN S§, Tel. 01-54113. 

Finland: PHILIPS COMPONENTS, Sinikaliontie 3, SF-2630 ESPOO 
HELSINKI 10, Tel. 358-0-50261. 

France: RTC-COMPELEC, 117 Quai du President Roosevelt, 92134 
ISSY-LES-MOULINEAUX Cedex, Tel. (01) 40938000. 

Germany (Fed. Republic): VALVO, UB Baulemente der Philips 
G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, 
Tel. (040) 3296-0. 

Greece: PHILIPS HELLENIQUE S.A., Components Division, No. 15, 
25th March Street, GR 17778 TAVROS, 

Tel. (01) 4894339/4894911. 

Hong Kong: PHILIPS HONG KONG LTD., Components Div., 15/F 
Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG, 

Tel. (0)-245121. 

India: PEICO ELECTRONICS & ELECTRICALS LTD., Components 
Dept., Band Box Building, 254-D Dr. Annie Besant Rd., BOMBAY 
— 400025, Tel. (022) 4920211/4930590. 

Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Components Div., 
Setiabudi II Building, 6th Fl., Jalan H.R. Rasuna Said (P.O. Box 
223/KBY) Kuningan, JAKARTA 12910, Tel. (021) 517995. 

Ireland: PHILIPS ELECTRONICS (IRELAND) LTD., Componen ts 
Division, Newstead, Clongskeagh, DUBLIN 14, Tel. (01) 693355. 

Italy: PHILIPS S.p.A., Philips Components, Piazza |V Novembre 3, 
1-20124 MILANO, Tel. (02) 67521. 

Japan: NIHON PHILIPS CORP., Shuwa Sinagawa Bldg., 26-33 
Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. (03) 448-5611. 
(IC Products) SIGNETICS JAPAN LTD., 8-7 Sanbancho 
Chiyoda-ku, TOKYO 102, Tel. (03) 230-1521. 

Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD., 
Elcoma Div., Philips House, 260-199 Itaewon-dong, Yongsan-ku, 
SEOUL, Tel. (02) 794-5011. 

Malaysia: PHLIPS MALAYSIA SDN BHD, Components Div. 3 Jalan 
$S15/2A SUBANG, 47500 PETALING JAYA, Tel. (02) 7345511. 

Mexico: ELECTRONICA, S.A. de C.V., Carr. Mexico-Toluca km. 
62.5, TOLUCA, Edo. de Mexico 50140, 

Tel. Toluca 91 (721) 613-00. 

Netherlands: PHILIPS NEDERLAND, Marktgroep Philips 
Components, Postbus 90050, 5600 PB EINDHOVEN, 

Tel. (040) 783749. 

New Zealand: PHILIPS NEW ZEALAND LTD., Components 
Division, 110 Mt. Eden Road, C.P.O. Box 1041, AUCKLAND, 

Tel. (09) 605-914. 

Norway: NORSK A/S PHILIPS, Philips Components, Box 1, 
Manglerud 0612, OSLO, Tel. (02) 680200. 

Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD>, Philips 
Markaz, M.A. Jinnah Rd., KARACHI-3, Tel. (021) 725772. 

Peru: CADESA, Av. Pardo y Aliaga No. 695, 6th Floor, San Isidro, 
LIMA 27, Tel. (014) 707080. 

Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tamo, 
P.O. Box 911, Makati Comm. Centre, MAKATI-RIZAL 3116, 

Tel. (02) 868951 to 59. 


98-7001-230 


Philips Components 


Portugal: PHILIPS PORTUGESA S.A.R.L.,Av. Eng. Duarte 
Pacheto 6, 1009 LISBOA Codex, Tel. (019) 683121. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., 
Components Div., Lorong 1, Toa Payoh, SINGAPORE 1231, 
Tel. 3502000. 
Spain: PHILIPS Components, Balmes 22, 08007 BARCELONA, 
Tel. (03) 3016312. 
Sweden: PHILIPS Components, A.B., Tegeluddsvagen 1, S-11584 
STOCKHOLM, Tel. (0)8-7821000. 
Switzerland: PHILIPS A.G., Components Dept., Allmendstrasse 
140-142, CH-8027 ZURICH, Tel. (01) 4882211. 
Taiwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, P.O. 
Box 22918, TAIPEI, Taiwan, Tel. (02) 7120500. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 
Silom Road, P.O. Box 961, BANGKOK, Tel. (02) 233-6330-9. 
Turkey: TURK PHILIPS TICARET A.S., Philips Components, 
Talatpasa Cad, No. 5, 80640 LEVENT/ISTANBUL, 
Tel. (01) 1792770. 
United Kingdom: PHILIPS COMPONENTS LTL., Mullard House, 
Torrington Place, LONDON WC'1e 7HD, Tel. (01) 5806633. 
United States: |C Products: 
PHILIPS COMPONENTS-SIGNETICS 
811 East Arques Avenue 
Sunnyvale, CA 94088-3409 
Tel. (408) 991-2000 
Discrete Semiconductors, Passive Components, 
Materials, and Professional Components: 
PHILIPS COMPONENTS-DISCRETE 
PRODUCTS DIVISION 
2001 West Blue Heron Boulevard 
Riviera Beach, FL. 33404 
Tel. (305) 881-3200 
Color Picture Tubes - Monochrome and Color 
Display Tubes: 
PHILIPS DISPLAY COMPONENTS 
P.O. Box 963 
Ann Arbor, MI 48106 
Tel. (313) 996-9400 
Uruguay: LUZILECTRON S.A., Avda Uruguay 1287, P.O. Box 907, 
MONTEVIDEO, Tel. (02) 985395. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., c/o MAGNETICA 
S.A., Calle 6, Ed Las Tres Jotas, App. Post. 78117, CARACAS, 
Tel. (02) 2393931. 


For all other countries apply to: Philips Components Division, 
International Business Relations, P.O. Box 218, 5600 MD 
EINDHOVEN, The Netherlands, Telex 35000 phtcnl 


AS67 ©Philips Export B.V. 1989 


All Rights are reserved. Reproduction in whole or in part is 
prohibited without the prior written consent of the copyright 
owner. 


The information presented in this document does not form part of 
any quotation or contract, is believed to be accurate and reliable 
and may be changed without notice. No liability will be accepted 
by the publisher for any consequence of its use. Publication 
thereof does not convey nor imply any license under patent — or 
industrial or intellectual property rights. 
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